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PREFACE |

The results of the topside interference measurements reporfed in this
document have been previously promulgated by NELC in the form of pre-
liminary letter reports. Distribution was limited to those commands believed
to be immediately concerned. 1t is now thought, however, that the results are
ol wider interest. Hence, this issuance is made.

The work was performed under O&MN RAVSEC (NELC B16Y) by
members of the Radio Technology Division from March 1971 to November
1971, In addition to the author, W. M. Chase. 1. S. Hansen, and D, E.
Porcitments participated. This document was approved for publication
27 December 1972,

Best‘Availa’b!e Copy



CONTENTS

SECTION I INTRODUCTION ... page §

SECT

Si

Sl

Sk

S

1.1 Scope of Document .., 8

1.2 Significance of Findines ... 0

ION 2: MOUNT WIIl'I'Nl-.Y TOPSIDE IM INTERFERENCE SURVEY .,
21 Background ..

2.2 Obhjectives . 7

23 Test Imnunwnt.mnnll rocediires . .. 7

24 Test Results ., 10

2.8 Topside Inspullnn Observithions .. |/ .

2o Conclsions and Recommendations | 1x

TION 2 BEUE RIDGE T VHE FOPSIDE IMINTERETRINCT

SURVEY .. v
0 Bachgiownd 1o
VO dest Inst omentabion Proe s 19
VO Jest Besulis Y
Aok BLUE RIDGH MOUNTWIHENDY Comparsen 3y

25 Conelusions and Recommendations . 3

TION S BLUE RIDGE UHE TOPSIDE IM INTERFERENCE SURVEY L,

41 Backpronnd L0 33

4.2 M Interference Tests 0 W3

4.3 RG-331 Connector Design Study ... 36
4.4 Power Pivider Fxaminathion . 37

4 Discussion ... 37

4.0 Conclusions midd Recommendations . .. 3K

TR SRS

TION S LABORATORY [FSTS OF UHETOPSIDE IM INTEREERENCE

FROM BLUE RIDGLE CONNICTORS ... 39
Backeroumd ... 39
RG-IU fests .. 30
Power Divider fests 41
N 4 Sty and Ruumnumlnmm 42
FION o0 WO HMA TOPSIDE IMINTERVERENCT SURVEY .43
o.b Backgronnd and Obectnes 12
6.2 Approach .43
6.3 Jest Site Conditens .,
0.4 Sectiomlizing Tests L. 44
6.5 Probing Tests .., 57
0.6 Lapside Inspection ... 68
0.7 Guidanee ... 6n
0.8 Conchsions and Recommendations . .. o8

i
.aa T4 -

.J,.

R




[ 2P ]
H

[ g}
P

[ )

LIA

LB
R
14

i;;i-ﬂv
615

ILLUSTRATIONS

MOUNT WHITNEY antennas surveyed . .. pape 8

MOUNT WHITNEY b IM Interference messurement system ., . 9

MOUNT WHITNEY vhf M interforence measurement system . .. 10

MOUNT WHITNEY recelved topside IM specirum complex moduia-
fion an one trapsmitter, . 1

BLUE RIDGE hifvhl antennas surveyed ... 30

BLUE RIDGE Wbl receiving fost equipment/ship’s receiving system
imtertaee ., 21

BRLUE RIDGE W/vhi receiving test equipment .., 22 :

Receiving cquipment for BLUE RIBOGE maximun radiation test .. 23

Third banmonic bevel as # Tunction of time BLUEF RIDGE hiyehi 1M
interferonee mensurements .. M '

B RIDGE musimum tadintion tesd fregiioncy spectrum -, L 25

Receiving equipient used to measure ulit ambicnt nope levels during
REEH RIDGE mumsamum enduabion fest L0 08

BLUL RIDGE ol Bmterierence mcastemient ssstem .0 3

Toul wnd procedures Toe muodification of Prodelin conneelos
instatlation . .. 40

WO HMA 2 30MHz antennas .. L 46

IWO HMA o tost transmitiers sadiating from deck edge whips ... 47

WO HMA ofi tost transmitiers radinting from bland antennn L L (48

WO JIMA 2-20MH2 11 test receiving equipient . .. 43

TWO HIMA vhi ol tost roceivmg equipment .. L 50

IWO HMA ubif IM interference measurenent system .. 83

IWO JIMA B topside IM source focating equipment ... 58

WO JIMA antepna 245 showing mnltiplicity of springs. shackies, turn-
buckles, ete. and other closely located antennas L L 59

Feedpoint and matching network of IWO JIMA antenna 2-8 showing
ferromagnetic steel feed block simd copper steaps “grounding™
steel case tosteel sappart brichet (L 60

WO HMA antenna 25 feedpomt detids L, ol

BVO HMA topside IM source protectse aluminum waneginde cover .. 62

PO FIMA topside IM sonrees: shbantennas L L, 63

Fuatuating IWEG JIMA 1opside IM sources: Hieline asemblicsvon
flight deck L .. 64

WO HMA antenng 2-1, feedpoint detaibs .. 03 ‘

Mininwon effective 111 reduction plan for amplubions asault ships
hused on tests abourd IWO JIMA L. 07

h ]

..+




26

15

.6

37

0.2

0.4
0.5

0.0

TABLES

MOUNT WHITNEY Received HF Topride IM Levels — TkW Power
Applied to Midship Antennas ... page {2

MOUNT WHITNEY Rcccived HF Topside IM Fevels  1kW Power
Applied to After Antennas ... 13

MOUNT WHITNLEY Received HE Topside IM Levels  TkW Power
Applied to Forward Antennas ... 14

MOUNT WHITNEY Received VHE Topside IM Levels  TkW Power
Applied o After Antennas ... 15§

MOUNT WHITNEY Received HE Topside IM Fevels  2530W Power
Applicd to Midship Antennas ... 16

Compatison of lnpsulv(.vm l.md Harmonic Levels on M()UNI
WIHITNLY and FOX .

Transmittmg Fquipment Us'ml in BLUL RIDGE Maximum Radiation
Test ... 2

HEuE RII)( b Received HE In|\sni\ IM Levels TRW Power Apphed
to Midstup Antemias . M0

BEUT RIDGE Recened HE Topside 1M |\\\ I TRW Power Applied
to Forward Antennas ... 26

BLLUE RIDGE Received HE Topside IM Levels TkW Power Applicd
1o After Antenmas .. 27 ,

BLUE RIDGH RL‘H‘I\L‘(' VHIC Topside IM lcvdx W Power Applicd
o Alter Anlennas ... 28

Relative UHE Noise Levels Received During BLUE RIDGE Maximum
Radiation Test .., 28

Comparison of Rcuuvcd HF Topside IM Levels on M()U\‘I WHITNE \
and BLUE RIDGE . .. 31

IM Levels Produced Whllc Waohbling RG-331 Antenna Cables ... 3

Summuary of Laboratory Tests of RG-331/U Connectors and PHASOR 0
Pawer Divider as Sources of System-Generated REL, L 30

WO HMA Received HE Topside IM Levels When Radiating i-rom Deck
Fdge Whips ... 49

IWO- HMA Received HE Topside IM Fevels When Radiatimg rom
I Antenna ... S0

IWO JIMA Received VI Topside IM Levels When Radiating at HEF
From Iskind Antenna ... 5}

IWO JIMA Reevived VIE Topside 1M Levels When Transmitting at VI LS

IWO JIMA Topside IM Levels When Transmitting and Receiving at UHY
on the Same Antenna ... 52

IWO JIMA Received UL Topside IM Levels When Transmitting at H1°
and UHF ... 83

WIPTORE T Er S VI



SECTION |

INTRODUCTION

1.1 SCOPE OF DOCUMENT ,

This document presends the resulis of measurements of intermodula-
tion (IM) interference faken aboard USS MOUNT WHITNEY (LOC 20y, USS
BLUE RIDGE (LCC 19y, and USS IWO JIMA (LPH 21 In addition, the results
of liboratory tests of connectors that were ilerference sources ahoard
BLUE RIDGE are reportcd. Details of the measurement instrumentation,
procedures. and results are contained in sections 2 through 6. These sections
are outlined helow, '

Section 2 gives areasurement results obtained whoard MOUNT
WHETNEY . and compares them with results obtained aboard USS FOX
DO 330, MOUNT WHEENEY was Foumd to have vonsiderably lower inter-
ference fevels than FOX O FOX had previoudy been considered 1o lave the
lowest topside-generaied ofi evels among active Fleet warships. Her good
performance resulted from extensive topside i control measures (nonmetuilic :
topside Tixtures plus MIL-STD-131 0B bonding) instalted in an carlier program. . o
MOUNT WHITNEY. on the other hand, was originally designed und built for :
fow topside fevels. ‘ \

Scction 3 presents hf and vhl results obtained sboard BLUE RIDGE.
and compares them with results obtained aboard MOUNT WHITNEY.

Topside levels were determined to be higher than those obtained aboard
MOUNT WHITNEY but Jower than those obtained asboard FOX, and it is
not believed topside-genvrated interference constitutes o high probability
thrent fo communications aboard BLUE RIDGL.

Certain aspects of the BLUE RIDGE data indicafed that strong sources
of intermodulation interference are contained in a broadband transmitting
antenna system. Phis problem needs Turther investigation to devise corrective
meastires. Also. hoth amphibious command ships. MOUNT WEHTREY and
BLUF RIDGE, appeared subivct to a gradual increise in topside-gencrated ‘ d
IM levels because of deterjoration of topside bonding, Maintenance costs
could he reduced by a limited program to replace cortuin topside Hems with
glass-reinforced plastic parts,

Section 4 gives results of ubl intermodulation measurements made
ahoard BLUE RIDGE. Topside levels were Tound to be musked by serious
sources of interference in PHASOR 90 uhf transmitting systems. The sources
were determined to be in Prodelin coaxial cable connectors and the
PHASOR 90 power divider. Section § continues reporting the offort in this ,
area, giving results of luboratory tests whereln corrective measures were :
devised. The method of mstalling Predelin couxiyl connectors was drastically ' i
moditied. UG-30D/U connectors and internal stee] lock-washers were
removed from the power divider and repliced with connectors not having
nontinesr materisl,

Section 6 presents results of experiments conducted aboard IWO JIMA,
‘This effort was directed toward locating and identifying the most imporiant
sources of topside-generated interference. New techniques were successfully

»
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applied to achieve this goal. 1t was, therefore, possible to devise a plan of
minimum topside rli control measures for LPH-class ships, The plan s mini-
mal in the sense that removal ol only the worst sources is recommended. 1t
iy not expected that implementation ol the plan would reducee topside levels
to those of FOXL 1 is expected, however, that a major nnprovcmcnt would
restlt, &t minimum coslt.

1.2 SIGNIFICANCE OF FINDINGS

The measurements made aboard MOUNT WITNEY, BLUE RIDGE,
and WO JIMA were the first opportunities to apply the concepts of very-
high-crder intermodulation interference ! in a real shiphoard environment.
New insights were gained in this wrea which have resulted in increased ability
to analyze IM m!cllcwnw frequency speeted. A separate repori on this sub-
iect has been prepared. <

I'rom another viewpoint, the results of work (qulhul in this docu-
ment show that a new level of technical competence in the control of ship-
board interference problems has been achieved. Results from the new amphib-
ious command ships show that warships can be built in a way that vields low
interference fevels, Inaddition, the teehnical ability to select the worst top-
side interference sourees on older ships offers hope that very worthwhile
improvements may be cconomically feasible for active Fleet ships.

Naval Electtonies Laburatory Center Technieat Note 1766, 1 oy High Order Intermdn.
Iatbon yendnets Constleratlon of Spectrim Properties and Possible lpplinuin’m for
\hf/vhmml Topside hiterferenee, iy WM, Chase and T W, Guyader, Y3 Nowvember 1970,

'\n i Flectiomics Cabortony Conter Fechmical e 1882, v u\nl‘ Uerv-Hich-
Ui Dregpeney Componenty of e Intermeduletion hmrh mehee Spectran, hy
o O Salsbury 26 Octoher 4907 :




SECTION 2.
MOUNT WHITNEY TOPSIDE IM INTERFERENCE SURVEY

2.1 BACKGROUND '

The tests aboard USS MOUNT WHITNEY were performed during the
period 1214 March 1971 while the ship was en route from Norfolk, Virginia,
to Guantanamo, Cuba. During the test period, ambient conditions were
close toideal. The weather was clear and dry, With the ship steaming steadily
through calm seas, there was o minimum of sea spray in the air. Thus,
measured vilues were not temporarily fowered due to wetting of topside arcas.

*

2.2 OBJECTIVES

The purpose of the tests was twolold: (a) provide data which pernvit
overall quantitative assessment ol topside-generated intermodulation (1M
interference levels, and (h) make o comparison to measured topside fevels
previously obtained ahoard USS FOX. Time and circumstanees did not permir
extension of the work heyond these necessary tasks. Accordingly, other
technically interesting tests, such as nonradiating tests of transmitier systems
for residual IM interference generation or probing for specific topside inter-
ference contribuiors, were not performed. Meuscrements emphasized the
2-30MIz range: Bowever, some data were obtainea in the 30-30MHz range.

I addition to the IM interference tests, the topside was inspected
for design details that wery poteniial seurces of interference generation, Thewe
observations are reported in section 2.5, : ’

2.3 TEST lii‘iS'i’R UM iiNTA'E‘fONf PROCEDURES

231 MOUNT WHITNEY TESTS ‘

Phe task of evaluting the overall topside-interference-generating
characteristios of MOUNT WHITNEY necessitated careful consideration of
how the ship™s sestems were to be ised. Referring to figure 2010t is seen
that there isa total of seven browdband transmittingantennas in the 2-30MI,
band. B was deanded 1o padite at least ane frequencey from cach of these
antenmas ot some time duting the tests, Transmitting on antennas 31 and
23 was comsidered mndship topside excitation, When these two antennas
wore tsed i combunation with 32, att eacitation was obained, amd use ol
antennas 21, 220 and 23 aapplicd torward eacitation, Antenna 2 was
psed s only one instaiee  in combimition with 23 in observe the spect,um
ol an intermodulstion product using complexs modukition on one anseanor,
The antenms were driven in the normal manner, using the ship's tansmitters
atrd bighly selectve transatting multicouplets at e appropriate asipned
test Prequencies. Since most of the ship's tansmitters are vated at 1kW,
that powet Jevel with vw eatission was tned,
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MOUNT WHITNEY has three broadbund receiving antennas, cach
driving un approprinte SRA-38, -39, or -40 receiving muliivoupler. In addition,
there are 10 SRA-ST “miniwhips.” All three broadbund anfennas and one of
the forward SRA-51's were used during the tests to drive the receiving test
cquipment arranged s shown in figure 2.2

FILTERED RF INPUT
FROM SHIP'S RECEIVING .
ANTENNA SYSTEM® - RECEIVER |SOKHIITL oo
2-30MH:z HP.3400A
DRAKE R4 -
\
ATTENUATOR 1 NELC ATTENUATOR 3 :
HP-355CD  COUPLER | HP-355CD : ~ :
\ A; SPECTRUM CAMERA ]
ANALYZER |~} TEXTRONIX o
TEKTRONIX 491 €30 -
ATTENUATOR 2
HP-355CD
7
FREQUENCY : -
gREvrVM |, - FREQUENCY .
SYNTHESIZER STANDARD*
HP-a11 HP.5100A*
“SHIP'S EQUIPMENT
Figure 2.2, MOUNT WHHTNUY W IM interference messurement system, - ’

Ty dval operntion of this couipment started with atienuator | set for
a large value of attcnuation to preclude detection of external signals and
attenuator st to zero. The synthesizer was set on the desired freguency,
and atfenuator 2 was adjusted for detectable signad fevet at the R4 recerver,
The receiver was tlien tuped, using 5 J00H2 +0 handwidth, When o visual
display was desived. the signal was applicd 1o the spectram analvzer, and
TRz resolution ~vas used. To observe an oulside signal, attenuator 2 win
set o amximum, while altenuator T wias set 1o zero, Tuning of the ship’s
multivoupler or SRA-51 i the regular manner was accomplished. oo much
signal was delivered o the receiver, attenuator 3 was adjusted for an sutput
reading. The level was then matched. using the frequency synthesizer as
before, with amplitude calibration provided by the HP-411 voltmeter.

In measuring the levels of intermodulation products at vhi frequen-
cies, the test cquipment was arranged as shown in figure 2.3, This Hlustrafes
the mnner of accounting for losses by the test receiving systenms in order to
obtain interference kevels referenced to the ship's v receiving system. The ,
R4 receiver was not used in these tests because ifs upper frequenicy Hmit is 4
30Milz. Also, the upper Himit of test receiving frequencies was ostablished
by the SOMilz maximum of the HP-5100A syothesizer.

The data obtained in these testsare summarized in figures 2.4 and
tubles 2.1 theough 2.4, and are discussed in section 2.4,

-

4
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] =+~ CABLE LENGTHS UNKNOWN .~}

ANTENNA 5-9A N ANTENNA 598
AS-1235/SRC S8 * 4 4 AS-1235/SRC
30-76MHz* —_— 30-76MHz*
* VHF MULTICOUPLER
: INPUT (REFERENCE)
15011 RG-10 .
COAX TRUNK
FREQUENCY (APPROX -20B)
STANDARD*
NELC BANDPASS FILTER
s%ﬁ%‘éﬁsffgn ATTENUATOR1 | ELC 25_65Mf; LTE
HP-385CD
BOMHz MAX.
PECT
ATTENUATOR 2 >| NeELc > ATTENUATOR 3 >, s E'?EE'?F?OA&T: liglz A
HP-355CD \co,um.en/ HP-355C0 30-50MHz
-40dB
*SHIM'S EQUIPMENT
RF VTUM
HP.A11

3

Figure 2.3,

1319

FURTN e

WIHITNEY results are given in table 2.5

MOUNT WHITNEY vhi IM interference measurement system,

MOUNT WHITNLEY/FOX COMPARATIVI: TESTS
The physical differences between FOX and MOUNT WHITNEY are
obvious. and are electromagnetically significant. Rigorous compurison of
results demands consistent test conditions, which was not possible in this
case. However, by exciting the ships with very nearly the same frequencies at
the same power level and using centrally located transmitting antennas, a rough
comparison wis possible. The greatest deviation between assigned test fre-
quencies was less than 17, and. with the test transmitters adjusted for 250
waltts. use of the midship antennas 3-1 and 3-3 most nearly satisfied these
conditions. The receiving test equipment was again arranged as shown in
figure 2.20and the same procedures were followed. The measured MOUNT

dita in table 2.6.

2.4 TEST RESULTS . _
The measured data givbn in tables 2.1, 2.2, and 2.3 are arranged to

illustrate the effect of important parameters. Lach table shows the measured

interference fevels arranged by order of intermodulation product and time

sequence for a given transmitting antenna combination. Referring to table 2.1,

it is seen that third-order products varied from @ maximum ol +33dB/uV to

some value fess than -10dB/pV. The time the measurement is made has a primary

-

and are compared with the FOX




effect on the level obtained. The data also show that the order of the M product
being measured has an important eftect on levels. The highest fevel at order 5
and above was 1 2dB/uV, and the lowest was less than =10dB/uV.

Comparison of the data in table 2.1 with those of tables 2.2 and 2.3
shows that changing to different transmitting antenna combinations did not
have any pronounced effeet on the interference levels. The torward (ransmit-
ting antennas (table 2.3) seemed 1o yicld somewinat lower levels. This
impression probably arises from the fact that there were some instances where
very low ambient noise levels masked the intermodulation levels.

The overall conclusion that can be drawn from these data is that the
duesign and construction technigues applied to MOUNT WHITNEY have achieved
a major reduction in topside intermodulation interference generation as com-
parcd to ships not so designed. : :

Figure 2.4 illustrates the effect of using complex modulation on one of
the trimsmitters. The interference appears to have a Fhat noise-like quality over

approximately a dkHz hund. Complex maodulition of both transmitters would
have resulted in greater bandwidth of significant intermodulation interference.

14612kHz

#2948V
AVERAGE

HORIZONTAL  7kHs PER DIVISION

VERTICAL  Hall RELATIVE POWER PCH DIVISION
FHEQULMOY HESOLUTION  1hHz BANDWIDTH
HECFIVING ANTENNA 110
INTEHMODULATION FRODUGT 28412

TRANGMIT TING SYSTEM

%HANFEMH"!’E H1 2400800 (021, 10W AVERAGE,
CW, ANTENNA 2.3

TRANSMITIER 2 HyLZU6kH, (TA), HWW LD, ¥?!§W :
AVEHAGE, # TONE MULTIPLEX
MODULATION, ANTENNA 24

Frgare 2.0 MOVINT WHITNEY weeeived topside 1M spectinm
C o complex modubition on ane bassmtio ‘



TABLE 2.1.

TRANSMITTING SYSTEM

Transmitter No, | Frequency, kllz | Power, W

1kW POWER APPLIED TO MIDSHIP ANTENNAS
(1213 MARCH 157 1),

| Antenna No,

MOUNT WHITNEY RECEIVED IIF TOPSIDE IM LEVELS -

| 2276 (F1) 750 |
2 12433.5 (F2) 1000
3 22130 (F3) 1000 3
RECEIVED LEVELS
M IM Frequency, Local Ambient* | 1M Level ** Receiving
Function k7 Time dh/uV dB/uV Antenna No.
F3.2F1L 17581 2085 (12 Mar) 26 1-10
*3-2F1 17581 2089 (12 Mar) 24 1-10
[3+Zl ] 20679 2000012 Marn) KR} 1-10
2F2A 2737 0900 (13 Man) 17 -7
RIB| OR2S ON7(13 Mar) - 27 1-8
A EAR B AR N OSO(13 Mar) -10 Yex 1-10
QFIER 20680 1057 (1.3 M) -10 *hx 110
S 137§ ISR (13 Man) 0 7 1-8
SK1 11375 1000 (13 Mar) -0 12 110
1.1 ."H"\ 162S1S 1016 (1 Man) -10 *¥r 110
71 15425 1010 (13 Marn) -8 Al 1-10
vl 20475 |(L15 {13 Mar) -2 -8 1-10

*Level existing when test transmitters ate off the air uxml., 300817 b md\\ idih.
When not gven, ambient is very small compared to 1M level

IM levebrclerence is togecerver input with transimiitiess npcrmng atindicated power,
Nevgcorrectton s made for ecewing mualticoupler foss,
22 1M not detectable in presence of ambient level,




MOUNT WHITNEY RECEIVED HFF TOPSIDE IM LEVELS ~
1KW POWER APPLIED TO AFTER ANTENNAS
(13 MARCH 1971).

TABLE 2.2,

TRANSMITTING SYSTEM

Frequency, kiiz

Transmitier No. { Power, W { Anfenna No,
1 | 276(F) 750 31
2 ‘ 124331.5¢(F)) 1000 33
3 10255 (F4) 1060 3.2
RECEIVED LEVELS
M M Frequeney, | Lol Ambient * | IM [pvel #* Receiving
Function kilz Fime RUiiAY 4Bfuv Anicnna No,
R4 j0765 1403 -6 39 iR
M4 [8134 §422 22 1-10
K3 B oA 16790 5 S -17 6 1-10
a3 | 13082 1406 23 s 110
aFa2 | 37108 1345 19 9 17
IF4.4F1 21661 1428 3 bk 1-10
WA | 48N 1353 -1y o 17
TOF4-7F 188184 1414 -1 *kk 1-10

*Level existing when test transmitterns sse off the air using J00Hz bandwidth
When not given, ambient is very small compared to 1M fevel,
#*EM level reference is to reeiver input with transmitiers operating at indicated pz;wu

N conection is made for receiving sna:l!umttpter luss.

*EEIM ot detectable in presence of wimbient fevel,

EE

I
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TABLE 2.3, MOUNT WHITNEY RECEIVED DIF TOPSIDE IM LEVELS -
TRW POWER APPLIED TO FORWARD ANTENNAS
(FIMARCH 1971),

TRANSMITTING SYSTEM

Transmitter No. | Frequency, iz | Power, W | Antenna No,

| 2276(F1) 1000 2.1

2 12433.5 (1) 1000 2.3

3 1255 (1°4) 1000 22
RECEIVED LEVELS

M IM Frequeney, | Local Ambient* | IM Leve) ## Reeeiving

Function kHz Time dB/uV dB/uV Antenna No,
Qe [076.5 lol8 19 ik -8
2E40 1823 16423 X . 7 1-10
B BN LA 80705 734 | 2 19
214304 13682 16257 16 *dk 1-10
3F221d 16790.5 1638 -6 4 1-10
N IR BRI 13082 17.0 I LA 1.9
414.31°2 A719.5 1609 -7 ook 1.7
RIZSENIEN S 21061 1640 -1 Hix 1-10
410302 37195 1708, -7 *kE 19
24T 4578 61t -7 s R
2IF 47K 4578 1718 -5 *okx ju
10F4-71°:2 1 1S5185 1631 3 i 1-10

*Leveleatting when test tnsmitters e aft the ain using 400H7 bamdwidih

When not given, ambient s very smal! compared to IM Tevel,

T IM devel ieterence is toreceiver input with transmitters operating at indicated power,
Neveortection s made o recewing multicoupler oss,

THHM notdetectable in presence of ambient level,

Table 2.4 summarizes the results of the measurements of intermodula-
tion fevels when recciving at vl frequencies. The levels at the vhf receiver
system mput appear somewhat higher than the preceding Wl results. Sinee
the Tevels at the vl receiver input will be reduced by the vil multicoupler
Gapproninritely 2dB for SRA-60). they are slightly higher even when com-
pated at equnalent points in the systems, This does not mean that severe
mterference will always oceur to vhi communications by reason of this mecha-
nean Frequency modulbstion is commonly used at very high frequencies: thus,
the shifsystem may not be affectal. On the other hand, hi systems frequently
use FSK modubition tas in Tig, 2.0, which s a fow-modulation-index form
ol ML Thos intermodulation products could be expected to have some M
characteristios i eertain cases, These obsersations suggest that o caretul
anthy s hased anca brper data base, is needed, .
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TABLE 24, MOUNT WHFINEY RECEIVED VHE TOPSIDE IM LEVELS -
TkW POWER APPLIED TO AFTER ANTENNAS
{14 MARCH 1971,

TRANSMITTING SYSTEM

3

Tinsmitter Noo | Frequeney, kils | Power, W | Antenna No,

1 12585 (F4) 100 12
1 [4517 ¢(5) ] 33
1 Not used
RECEIVED LEVELS
M M Froquency. | Systems | M Lewd 4 VHI Systen
Fussction ki, Lans dB nHHRY Input Tevel 5 00B/uY
LS| dHnS A X : 1)
LRI B s s X AR}
Ml IR \ +
‘% A Tinng 5 bt 14
) 41514 47813 s 1 5
- al4-F5 474013 5 il I8
FH4-3F5 43751 3 -3 2
Si5-4F4 11565 5 . 1 .

*Ambient noise fess than wecerves systen noise. 1M mt detectable al fevelsbelow -53dB/gV.

approninaiely, |
F AN levels measinad using antenns 34,
Tabke 2.8 scmnarizes the data taben with 250W tansaitter poser.
These dats were taken under sunibar conditions to those given m table 201 o
a comparison should show the elfect of transmitter power. Comparing the ‘ R |

. 1t ieen that there s Bittde apparent difference. Bsome cases, inter-
modulation level increases with bransmtier power: in other cases. the von
verse is friue, Indictions are that the differentinds arise more from the e
variability of shipboard fevels than from change in transmitter power. Flis

is consistent with earlier results obtained at NFHC whieh showed very small
changes as transmitter power changed from SOW to SOUW. Fatrapolation 1o
higher power fevels (MOUNT WHITNEY has several SKW transmitterst would
be unwise. This i because the physics of the mterterenve-causing mechasms
may change at the higher excitation power levels.
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TABLE 2.5, MOUNT WHITNEY RECEIVED HE TOPSIDE IM
LEVELS  250W POWER APPLIED TO MIDSHIP
ANTENNAS (12 MARCIT1971).

TRANSMITTING SYSTEM

Trmsmitter No. | Frequeney, kiz ] Power, W ] Antenna No.
| e BATH kB!
2 1MIIE(EY) 250 33
3 Iy 50 3.1
RECEIVED LEVELS
1M IM Frequeney. | Tocal Ambient T | IM Jevel t* Receving
FFunction (SEN e JBiuV dB/uV Astenna No
M3 2T o *| 3 17
Al OGNS jat l AR 1.5
NN s v ; R H | |~ I~
s 11380 140, -13 4 18
S 11380 (B -9 -2 110
4| 11380 1934 4 it {10
11 IRURR) 143X -1 8 110
9K SR 1510 -0 i i-10

Flevel existng when test ansmiflers ae off the an wsing J00Hz bandwidtly,

When uol given, atabtent is very sl compated (0 )M level.

HEIM level reference 1s toreceiver input with tanspntters operating al indicaied power.

No cotrection i made For recerving multicouples I s 1
A pot detecabe o presence of ambrent level.

Fable 2.0 <hows the comparison to fevels measured aboawd FON. T
was neeessaty toaditst the raw data ol both tests 1o arrive ot equnalent
comparison points in the two ships” systems. The values given represent the
avalable interference power in the two ships® respective recaaving antennas.
As the data show, third-order fevels are about the same, but Firth amd seventh
orders are sigitficantly lower on MOUNT WHETNEY  while ninth order s
sery low on both ships.

k - SRR AR TS SRS RS —_—




TABLE ".6. COMPARISON OF TOPSIDLE-GENERATED HARMONIC
LEVELS ON MOUNT WHITNEY (12 MARCH 1971)
AND FOX (JUNE 1970),

TRANSMITTING SYSTEMS

MOUNT WHITNEY ' FOX
Transmitier | Frequency, | Power, | Antenna | Transmitter | Frequency, | Power, | Antenna
No, kiz W No. Nei, kilz W Nu,
1 2% 250 3 1 2272 250 2+
2 1243135 250 R 2 12135 250 24
kS RAI R 250 kX 3 N 250 ReH

RECEIVED LEVELS

MOUNT WHEINLY 129)-4
M Fregueney, | 1M fevel® M iM brequeney, | IM Tewl” dBpV
Function i 153 T diuv Fanction kil Max :\\1, Mis
ki 0823 33 ¥l 816 44 B 3
SH 11380 7 5F1 iHl60 o2 oM
7l 15932 } 7E1 15904 3 22
yrl 20484 -J{r* 9F 4R <R - g 2
*Levels given ate conected for receiving multicoupler Joss on MOUNT WHITNEY and antenna A

misnatch loss on FOX. .
**Level is atmospherie polse fevel, 981 is not detectable undes these conditions, This con-
dition also existed on FOX: however, umbient noise levels were higher in the fatier case, ’

25  TOPSIDE iNSi*E(?TiON OBSERVATIONS

While touring the topaide antenma area on 11 Murch, membens of the

NFLC team observed nuny topside design details the charscteristios of which , 4

conform to ideas long advocated by investigators of {opside-generated
interference. However, during the period of MOUNT WHITNEY s construe-
tion, advances in the art of controlling this type of interference had been
made which could not have been included in the ship construction vontract.
One practice which is now considered obsolete and which was followed on
MOUNT WHITNEY is the use of fi bondstraps bolted in plice or otherwise
removable, This sort of fitting is vasily lost, and imposes 3 continual mainte-
manee problem on the ship, Present engineering practice would avoid this
problem by replacing the metallic object, which needs bonding, with a non-
metailic one designed to serve the <same function. This eliminates the non-
lineur junctions and the need for bondstraps. One example of a possible

application of these methods onboard MOUNT WHITNEY would be ri,phiu&
ment of the jackstaft.

17
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2.6 CONCLUSIONS AND RECOMMENDATIONS

a.  There is no doubt MOUNT WHITNLY enjoys a substantially
lower level of received topside-gengrated self<interference. After adding
receiving multicoupler losses to the fevels measured in these tests, resultant
levels are equivalent, or slightly below, those obtained on BUNKER HILL, the
NELC test facility. Results obtained at orders 5, 7. 9. and higher are especially
encouraging because, for a given nwmber of transmitters radiating, the higher
orders result in many more interference signals than the thisd order docs.
Roughly. MOUN'T WHITTNEY levels appear (o be 30-35¢08 lower than war-
ships which huve neither been designed for low topside interference nor have
had “Tixes™ applicd. : '

b The comparison of MOUNT WHITNLEY to FOX showsa clear
advantape for the former ship. The advantage is most clear for fifth- and
higher-order products.

¢ At the present fimes i major eflort directed toward topside 11
“eleanuap™ is not warranted aboard MOUNT WHETNEY . Maintenance of
present low levels s expected Bo be o Tatare problem. Detenotstion ol some ]
rli bondstraps (opside was noticeable at the time of these tests. Piccemenl i
removal of potential interferenice contributors - bonded items vulnerable to
loss of bonding — and their replicement with appropriate standard glass-
reinforced plastic (GRP) items now aviilable or in development stages is
recontmended (o reduce life-cycle maintenanee costs,

d.Interference to viif receiving systems hy reason of fopside inter-
modulation between hi' transmissions is 1 possibility. (See section 3dor
more thorough testing of this possihility.) ; ]
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SECTION 3
BLUE RIDGE HF/VHF TOPSIDE IM INTERFERENCE SURVEY

KR BACKGROUND

The b and vitf measurement resufts given in this section were obtitined
abouard USS BLUE RIDGE during the period -5 August 1971, The entire
task assignment included measurements ot hf, vif, and ubl and comparison of
resutits to those obtained abourd MOUNT WHITNEY in Marcls 1971, The
ubf restibix are given in seetion 4. Since ubi data were not obtiuined aboard
MOUNT WHUPNEY, the comparison of results {given in this section) is limited

o htand vhi.

3.2 TEST INSTRUMENTATION/PROCEDURES
Phe antenmis used during the 2eht tosts are shown in Hegare L1
Antenm 2-3 wans not tsed due to poor impedince matel, Fhis necossaitauted
substitution of the LPA fantenna 2-4), 4 . ' j
I making specific intermodulition product measurements, the test : i
equipment was arranged in the receiver toom as shown in figure 3.2, ,
Figure 2.2A shows the interfiace hetween the test equipment and the ; ‘
ship's receiving systom, The Tunctions of the three transmitter monitor and ;
control units were 1o allow test personnel direet control of test fransmitter j
- keying, while observing the preseace of the radisted transmitter fundamental
frequeney encrgy. The control units also pormitted the direet comparison of
the transmitter carrier freguencies fo the frequency standard by the “zero -
beat” method. In fest operations, it s necessary 1o show that intermodulation
encrey levels generated in the monitor-control are not sufficient to affect
memswrenient results, This was done by sequentially disconnecting the of input
te the monitors, while observing the level o reccived IM product. Since
there was no mossurable effect, the monifor-cantrol equipuents did not
inftudnee resulls, This check was done whenever o new Uransiuitting frequency
wits thad or the trasmitting antennas were changed. , '
Figure 3.28 shows the sreangement of the reveiving test equipmient, i
The two separate receivers are the reference IM receiver wind the data IM
teceiver. The reference IM recciver was set to the third harmonic 17386k Hzy
of the fowest transmitting frequency 12462kH2). This was done 1o obtain g
reference signal for eviluating varisbility of topside conditions, The duta IM
receiver has the advaniage of being quickly and accurately changed in
frequency. The noise Gigure is approxinmtely [4dB, which vields o system
noise level of “27dB/uV with 400112 bundwidth, Use of the synthesizersin
the test system greatly accelerated tost aperstions by eliminating the need to
change crystals in the Drake receiver, « %
To observe IM spectra with heavy trunsmission traffic demands, nine : o
of the ship™s transmitters were operated os shown in table 3.4, Since none of
the transmitiens were operated above TOMHz, o sweep of the spectrum from
10-30MIz could be mude using the cquipment grrangement of figure 3.3.
The spectrum analyzer was arranged to show either 10-20MHz or 20-30MHz

-~
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spectra as desired. The exposure time of the camera was set equal to the

time required for one spectrum anplyzer sweep. To obtain the data, the

appropriate filter of the SRA-40 multicoupler was tuned In 250k Hz incre-
ments. with one exposure of the camers Film per Difter tuning increment.
The function of the oscilloscope was to provide an auxiliary spectrum display

to perpiit viewing

analvzer display.

ANT 110 CANTED DIPOLE

by the opesator with the camers in place over the spectrum

Figure 3.3, Receiving equipment for BLUE RIDGE maximum radiation test.

10-30MHz
nr BA-BIGA
> DUMMY
LOAD
i
SRA4D
FILTERED sel FILTERED RF
10-30MHz 19-V7MH:
HP-IG5C0D
ATTENUATOR
NELC ATTENUATOR SYNTHESIZER DRIVER
COUPLER HP-355CD HP5100A HP5110A
AB
VIDED
SPECTRUM OSCILLOSCOPE
ANALYZER SWEEP {X-¥ MODE}
TEKTRONIX 441 TEXTRONIX 453
CAMERA
TEXTRONIX C-0
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TABLE 3.1. TRANSMITTING FQUIPMENT USED IN SLUE RIDGE
MAXIMUM RADIATION TEST.

Transmitter No.| Frequency, kHz | Emission | Avg Power, W| Antenna Coupler No,
{SRC-23)

3.2 2240 A 700 Twin fan | 16

4.1 3200 AT 700 Cone 35.0, frame 30
2D 1387 AT R00 Twin lan 16, frame 65.72 P&S
7.4 48 12411 700 Cone 1540

KN 0118.5 RY A 700 Cage -0, trwme 18
8.1 8518 1241t 700 Cage 308 fame 18
- 92350 1.24F1 7 Cage o4, lane 18
4. 075 A7) 600 Twin tan It
111 RO RY. YA 500 Cone kAN

33 TEST RESULTS

Results ol the measurements are given in figures 3.4 and 3.5 and in
tables 3.2 through 3.5. Figure 3.4 shows the level of the reference third
harmonic as a function of time. Tables 3.2 through 3.5 summarize results of
all the other specific interimodulation product measurements exclusive of the
third harmonic. Figure 3.5 is a speetrim sweep obtained during the maximum
radiation test. In addition, results of uh! ambient noise measure ments made

3F1 RECEIVED LEVEL, dB/uV

60[ U

during the maximuns radiation period are presented in table 3.6, and the

receiving equipment used is shown in figure 3.0.
These results are discussed in detuil below,

TRANSMITTER
ERECUENCY: 2462kHz {F1}
POWER: 1000W
ANTENNA 31 UNTIL 1400, 3 AUGUST
ANTENNA 2-1 AFTER 1900, 3 AUGUSYT

RECEIVER
FREQUENCY- 7386kH- (3F1)
ANTENNA- 1.8 (SRA-39)

NOTE: LOWER LEVEL OCCURS ONLY WHEN £2 (12,334 9kH2) IS KEYED ON ANTENNA 3.3; 1kW, CW
} .. .

Figure 3.4, Third haimonic level as a function of time
ference measurements.
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1 ’ A
H * 1 S
k. [ S
50L | \\,,‘ ‘a..
I o )
1 \
- ) [}
:
- ! o‘
H /] °
a0l 1 i 1 1 ] L L | ) 1
2100 2200 23000 0900 1100 1300 1900 2
2 AUG 3AUG
LOCAL TIME
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ANTENNAS

-

!

RECE(VED LEVEL, dB'uV

*SHIP'S EQUIPMENT

Figure 3.6,

ol

.
il

FREGULNCY, MH,

L]

Fipwe 45, BLUF RIDGE mavinnan adistion test Doguency spectran,

POWER
DiIviDER®

m

POLARAD N1
PRECISION
NOISE
GENERATOR

SAA-JD
i *

ATTENUATOR

PREAMPLIFIER

URM47
FIELD INTENSITY
METER

Recewing equipment used o measure uhf ambient noise levels
during BLUE RIDGE maxsmum radiation test,




TABLE 3.2, BLUE RIDGE RECEIVED HE TOPSIDE IM L!'ZVI:ZLS
IKW POWER APPLIED TO MIDSHIP AN ENNAS
2 AUGUST 1971, ’

TRANSMITTING SYSTEM

Transmitter No, Frequency, kHz | Power, W Antenna No.
I 2162 (') 1000 3
2 1233001 1000 33
3 AMRITEERY 1000 R

RECEIVED LEVELS

IN Function IM Frequency k1ls IM Level dBiuV | Recewing Antenna No,

a0 27054 i t-1o

-3-211 17581 30 110

2124F3 W8 ARl 1.7

212K 222078 a2 1-10

N 1230 R 1-10
AFL2EME 48402 " 110y

711 1723 1) |-10)

*IM not detectable in presence of ambient level. Operating transmitters at indicated power

produced noincredse inreceived enerpy,

TABLE 3.3, BLUE RIDGE RECEIVED HIF TOPSIDE IM LEVELS
TkW POWER APPLIED TO FORWARD ANTENNAS
(3 AUGUST 1071,

TRANSMIUTTING SYSTEM

Transmitter No, Frequency, klz Power, W Antenna No.
1
I 2462 ¢1°1) 1000 20
2 1233498 1000 A
3 11264, 5(Fd) 1000 A




TABLE 3.3 (CONTINUED)

RECEIVED LEVELS

1M Funclion iM Fregueney kllz | IM Level, dB/pV 1 Recelving Antenna No.
FE+F28d Jatint 4 i4 I H]

2F4-42 10141 3 110

e 5 2 1 2607 AR -1

F4.3F1 151443 T .10
AF2-04 14475 8 ORM** 110
44382 LIRS 4 {HEMyre 1%

.40 REVE AN -1 I LH

N AR SMs BORMY? -7

131 38 e B KIS 1R AR 110

* Pistonred masie snhible o 1M, :

¥ evels are weeelved of ship sgnnh (ORM) which nmsk IM level,

*kEeved s ambdent only. Opetating lumsiaitien st Indieated power level puodced so
wierease i wectved eneigy.

TABLE 34, giild RIDGE RECEIVED HE TOPSIDE IM LEVELS
TRW POWER f\f’l’§ EDTOAFTER ;\?ﬂf.NNJ\S
TAUGUHST 197
TRANSMETTING SYSTEM

Transmitter No, Fregueney, kilz ower, W ] Antenma No,
i IO H &
2 123y ¢ AR
3 3l 5 {1 HUHH) 1.2

RECTIVIDHEVEES

IM B owcton IM Freguencos (R } M Tevel dBuY | Recenmp Antenun Nev

Jol B B 2R, HHud | ; l in 116
2bd-Fl o7 ER] 1-10
RIERE. N (44758 ; 5 1
2F4-3H1 15843 12 ’ f-10
JFg-3 2 L AR L=l 1-8%

AFdabd 255 13} IR 1L
MR 318 -17 .7

10F4-712 03RS 2% 110

*{ svel is amhient anly. Operating tansmittess ot indicuted power produced no mercuse
in received energy.
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TABLE 3.5. BLUE RIDGE RECEIVED VHE TOPSID)E IM LEVELS -
1kW POWER APPLIED TO AFTER ANTENNAS
(3 AUGUST 1971),
'|'R/\NSMI'|‘TlNG SYSTEM ,
Fransmitier No, I Frequency. k2 | Power, W l Antenria Nu,

|
2 15052.5 (F5) HIDD I 3-3
3 11264.5 (Fd) 1000 3.2

Bar4

RECEIVED TEVELS

M Funeuon IM Frequencey, kHy IM Tewl dit/pV | Recetving Antemta No
R1 ] ERFAREY 40 )
NEXN! BIRIDR 3 <y
| S0 1N S AR 0
K1) dS15 N B sS4
41°5.1°4 894 hA : O 5.9
7428 A8740.5 -1 sy
SIS 30204.8 I ]

*IM anidible i speaker, Operating tansmitters at wdeated powes produced oo neasurable
metease of teeaived enegy, however. Fhierefore, IM s minely weaker Hia Jevel given,

TABLE 3.6, RELATIVE UHE NOISE TEVELS RECEIVED DURING
BLUE RIDGE MAXIMUM RADIATION TEST.

Foequengy, I Noise TestA Test B laewvel, dB Test €

Mil, Figme dB | Level, di JHO4S T 1050 Int 1335 Level, dB
~t

28 : § t 6 O N 0
NG ' 7S ® e X 85 "
265 14 s Y lou in? i X
215 E 9.0 Te NS 9 9 o
O8NS I 5.8 A 0.8 T 7 4

fest A Notmal ship it teansmitter wsage, 0040 In

fest 3 Nine tansmitices nduted

fea € Retuigt 1o Test' A condiions at 1535 lu

Overatt averape nse Test B = 1LodB

.3 SPECIEIC IM MEASUREMENTS

The ditference in the overall average fevel of the reference third har-
monic $S2dB/uVyand the overall average of all other thivd-order products
(29dB/uVy is farge cnough to be significant. 1t can be hvpothesized that the
measarement results arise from two systems of causes,

The stronger cataes were in the transmitting system of the lowest fre-
queney (1 These more important nonlincarities were driven very well by
F1 but. becituse of antenna decoupling, to a lesser degree by test transmitters
at other frequencies,
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There are Indications that some of the most important nonlincaritics
contributing to the high third hurmonic level were also excited by other trans-
mitter frequencies. Relerring to Tigare 3.4, it is seen that the level of 3F1
dropped 10dB when F2 was keyed. This “loading” effect has been observed
frequently in other shipboard tests. Usually, i is considercd that the energy
fromt the second transnritier causes i “blas™ to be developed in one or more
strong nontinearities, which i turn causes an increase in “conversion loss,”
thereby producing ¢ lowered 351 received level, Since F2 is roughly 12Miz,
it might appear that excitation of the nontineurities by this frequency would
tcan the ides of the inferference sotiree heing within the 2-6MHz transmitling
system iy incorreet. However, antennas of the twin-fan type. similar to 3-1,
often function well at 1 2MHz, Also, antepna 323, which radiated the 1IMH2
encrgy, is physically very close to anfenna 3-1. and shares the sime supportiag
superstructure {as shown in fig. 314 Thus, the possibility of close coupling
between these bwostemsas oxists, gt least near 1 2MH2L Abo, the “loading”™
effect existed only Tor Hibs particular combundion of antemms and frequencies.

F s therefore o remonshle hypothesis that twn groups of nonlincari-
s were opersding dunng the speaibie IM messurenients. Une group had ny
strongest contributors) in the bromdband circuitry of antenna 3-1 that is,
all companents beginning with the transmitting mubicoupler combiner and
extending outhourd in the direction of power flow to the kst piece which is
part of identifiable antenng hardware. “The second group consisted of all the
topside interference-generating nonlinearifics which appedr {o he more or Jess
egually excited by all transmitting combinations.

‘ The significance of the hypothesis is that, when two or more trans-
mitter signals are radinted using antenna 3-1, very much higher levels of inter-
modulation interference can be expected in the ship's receiving svstem tHan
when other transmitiing conthinations are uxed. The levels expected would
be much like those abourd untreated warships measured carlier in the fi
progrins. M products through ot least the ninth order will be of significance
when TkW sransnsitters are used, Whoen higher transmitter powers are used,
higher orders thun the ninth are Hikely to become significant. On the other
band. using transmitiers on other antennas will result in greatly reduced 1M
fevels. Not uedng antenna 31 s an apsatisfuctory restriction upun operational
st of the ship's conmunications system. 1 will be necessary o locite and
cotrect the probiens).

31312 MAXIMUM RADIATION TEST

Fhe duata given in figure 3.8 a1e not very informative about interforence
conditions, The primary reason is that there is no way 1o differentiate between
inderference wnd desired signals. For example, there is o spectrum shown in
figure 3.5 at o fevel of about 27B/pV just above 15SMiL2, which is about
200k Hes wide. Even so, the ship was maintaining high-guality reception on
an important chunacl in this frequency range all during the maximun radia-
tion test. Thercefore, at least some of the energy was desired signal, not
interference. '

It was, of course, planned to take additional spectrum data with
minimum radiation. However, the first part of the experiment took too long.

“Sufficient diurnal change in propagation conditions occurred so that remote
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signals, ete., caused large segiments of the spectrum to contain more cnergy
than when all transmittets were radiating. Also, data recording during this
Jutter phase was hivmpered by igilure of the camera shuttcs, and visual observa-
tion of the spectrum displiy was necessary.

These results are of only instructive value, Should another such
measurement be attempted, more useful results would he obtained by using
a more sensitive spectrum walyzer (with o more reliahle camera) and a more
rupid keying sequence of the trimsmitters. Even with the manually operated
filters of the SRA-40, it should be possible to perform at least two sweeps in @
Fhour period. 11 the proper starting time were chosen, propagation conditions
could be expected to remain sufficiently stable to obtain good data in that
length of time, ,

The uhi noise increase during this test shown in table 3.6, is interesting.
Compared to the other forms of interferenee reparied in NELC Letter Report
2100-238.3 these results are not regarded asa wrious threeat to present com
munications systems, However, some Tuture svatems mav need 1o ke
allowsmee for this eflect, UBIE SATCOM sestems, Tar example, niay be outside-
stmibient-noisedinted as opposed Toopternndrecener norw linated. s addi-
tioaal nolse produced the sume awdible sound in the carphaones as the output
of the calibrated noise generitor when it was used to obtain the same meter
deflection. Therelore, it can be considered white noise, 1o 3 first approximation.

34 BLUE RIDGE/MOUNT WHITNEY COMPARISON

The summary comparison of results obtained abourd MOUNT WHEFNLY
with those oblained aboard BLUL RIDGE is given in tahle 3.7, 1t should be
noted that the results given Tor BLUE RIDGE do not include the data of
figure 3.4, These are omitted on the hasis of the plausible hypothesis dis-
cussed above  that s, the third harmonic levels were due primarily (o the
transmitting systen.

Fechnically speaking. the overall differential factor is 13dB m Fnvor
ol MOUNT WHIINEY at bt This moeh ditference i overall averages s
dsualiv comsidered sufficient to be statistically signilicant. However, the mosl
strthutg resubts are the very ow levels obtained aboard MOUNT WHTINEY
from tmte to tome, Actually, the MOUNT WHETNTY resubts are so low that
it s prohably not very important that BLUE RIDGE Bad 13dB higher topside-
generated Jevels  For g number ol years, topside-rfi-reduction rescarch work
at NELC has had o techmical goal well matched by the performanee of BLUTE
RIDGL s given in table 3.7, Since the seventh and higher orders ot inter-
modutation interference average approximately TuVoor léss, they can be
reasonably termed unimportant interterence. This premise seems to correlate
with the fack of difTiculty in receiving remote stations during the masimum
radiition test described carlier.

However, BLUL RIDGE does have considerably higher Lransmitting-
systen-generated intermodulation interlference than MOUNT WHITTNEY .

INaval Electionies Laboratory Center Letter Serial 2100-238. Subject: UHE Intermoduly
tion Interference  USS BLUE RIDGE (LCC 19), 27 August 1971,




Aboard the latter ship, there were no pecullaritics of the measurement results
as were obained aboard BLUE RIDGE, ‘

At vhi, there was no measurable difference in intermodulation levels
ahourd the two ships, Third-order IM products, lor example, differed by only
1.5dB: MOUNT WHITNEY having an uverage Jevel of 21dB/gV while BLUE
RIDGE had 22.50B/uV. This differential approximites the experimental
deenracy to be expected in shipboard measurements.

TABLE 3.7, COMPARISON OF RECEIVED HE TOPSIDE IM
LEVELS ON MOUNT WHITNEY AND BLUE RIDGE.

Ikt MOUNT WIHINIY Bt RIDGE Relative 1M iévclx
Order IAf | ovels, stV IM Fewh, diif,th (B U RIDGE - MOUNT WHEINEY)
) Min Ag Mn M Avg Mo dBuY (avg)
ki DITULI F B B [E R B v +11
5 Jq0t 2 12 T L T
7 J7F 0 2 -7 3 1 +14
R 37F L8 8 .17 T

*Nuise level obscures IM level,
e Insulficient data for comparison,

3.5  CONCLUSIONS AND RECOMMENDATIONS

Muastirenments of intermodulation inferfervnce aboard BLUE RIDGE
resufted in the following:

. Moasurements of particolar IM products strongly indicate that
under cortain conditions generally low levels of topside-gencrated interference
will give way 1o much higher evels generated within one of the ship’s 2-0MHz
transnitting antonna systems. Levels attributable to fopside sources sverape
204B/uV for third-order products: seventh and higher order products are on
the order of [V or Jess, and can he reasonably considered unimportant.
Conversely, levels aliribulable to the antenna system are 23dB higher for the
third-order product; the highest order of significance s not known, but it is
surely greater than the seventh. Therefore, it is recommended that a program
to locate and remove nonlinearities in the antenna system be undertaken.
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b.  The attempt to measure overall shipboard self-interference over
a wide hf frequency range while transmitting with ninc transmitters didd not
yleld useful data, ‘The primary reason was the change i propagation condi-
tions which oceurred during the measurements. Inereases in signal strength
from remote stutions confused the results. On the other hand, obsesvations
of uht noise during the same test were successiul, UHI noise increased 2dB
when nine hi' transmitters were on the air. ‘

¢. - Comparison of the self-gencrated i interference charneteristios
of BLUE RIDGE und MOUNT WHITNLEY shows a distinet advantage in favor
of MOUNT WHITNEY. Her topside-generated fevels aversge 13dB less than
those of BLUE RIDGE. 1n addition. MOUNT WHITNEY did not indicate
any interference generation by the transmitting antenna system, On the other
hand. viif levels aboard the two ships were found to be equal,
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SECTION 4
BLUE RIDGE UHF TGPSH}S IM INTERFERENCE SURVEY

4.1 BACKGROUND

As stated in the preceding section, the ontise projeet of measuring
shipboard intermodulation interference aboard BLUE RIDGE included
measurements at e, vhfand ulif, The hi and vhi results were presented in
seetion 3. This testing also indicated significant sources of interference in the
ship's ubf coaxial cabling: since similar cabling techniques may be used in
many inslallations in the Fleet, the ubf resulis were seleeted for separate
reporting.

Aside from the infermodulation measuremenis that were mude. two
principal interference generstors  the RG-331H/U connectors and the PHASOR
90 power divider  were examined. The results of these studices are also
reported here.

42 ™M fNTER? ERENCE TESTS

A series of dingnostic tests was performed to isolate the prinvipal
inforference generators, The concept of these tests envisaged two phases,
in the first phase, one complete PHASOR 90 transmitting system located in
BLUE RIDGE's uh! radio compartment [ would be subjected to a *Closed™
system test wherein the four antennas of the antenna array would be tempo-
rarily disconnccted and replaced by four lincar dummy loads (LDLs)
connccted at the outputs of the of power divider which is a part of the system.
First-phase results would show the intrinsic inlermodulation-gencrstion
property of the installed transmitting equipments, In the sccond phase, the
antenna cables would be reconnected and the IM measurements repeated. If
the resulls of the first phase were sufficiently low as compared to the resuits
of the second phase, the conclusion could be safely drawn that the major IM
interierence sourcefs) were heyond the power divider in the direction of
fransmitier power flow,

The mensuremont system used for these uhf 1M interference fests is
shown in figure 4.1, Referring to this block diagram, the procedures followed
and the results obtained for cach of the diagnostic tosts are discussed below.

§
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ANTENNA 4-1A
37
SRC-20 1 RG33 > AS-1496
INOT USED! FR72P
1 Ae .
SRC-20 2 2 8 ANTENNA 4.1B
£2.301 9MHz; . e AS-1497
CW. 30w RG-331 FR 64P
SRA.33 F AG-3 POWER DIVIDER
1 * ADAMS-RUSSEL €O,
o MODEL 300 SN209
3 c ANTENNA 441G
she-20 3 o e A3-1496
INOT USED) M RG-331 FR 728
De
4
ANTENNA 4.1D
SRC-20 4 RG-33! | As-ag7
F1:325.3MHz; FR 80CL
CW: 60W
TO SRA-33, ATTENUATOR PREAMPLIFIER AMPLIFIER SPECTRUM ANALYZER
POINT3 €] MICROLAB ATS0 SMYTH SRA TRANSLAB 124 [—>]  TEKTRONIX 491
TO POINT F oy TO {LoL)
IGNAL GENERATOR | COUNTER | POINTS A - F | LINEAR DUMMY LOAD (LI
{CALIBRATE HP-60BE HP-5245L | AS REQUIRED 2501t RG 223 CABLE
WITH TRANSMITTERS (TYPICAL OF FOUR 1NITS)

OFF)

Figure 4.1, BLUE RIDGE uhf IM Interference measurement system,
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421 TESTA
Beginning with the initial lirst-phase measurement, the LDL coaxial

~cable connections at points A, B. C, and D and the receiver input at point 3

were made. The measurement receiver and section 3 of the SRA-33 were tuned
as 4 system to the third-order intermodulation product frequency 2F1-F2
(348.7MHz). The measured fevel of the received IM product at this frequency
was 60UdB/uV, and was obtained when and only when both transmitters were
keyed, This high level prompied o trial af g much-higher-order product, so
recelver system tuning was sdivsted fo a 22nd-order product 12F1-10F2
(369.8MH2). The measured level was -3dB/uV. A third measurement at the
fifth-order product 3F1-2F2 (372.1MH2) yielded 30dB/uV. At this time, it

was decided to investigate specific possible sources within the transmitting system.

421 TESTH

One of the 1D was removed cronm the power divider output and
conneeted 1o the Tar end of the RG-331 cable teading from the multicoupler
(point E). Repetition of the measurement at 372, 1M1z produced the same
Jevel, which showed that the power divider was not the principal source,
However, in the process of changing connections, it was noted that metal
filings were present in the couxial fitting on the RG-331. These purticles
were removed. but the propertivs of the fitting were still suspect. Accordingly,
the connector was gently wobbled by hand while observing the ofilevel, The -
wobbling action produced large variations in the observed level, This suggested
complete removal of the RG-331 cable and its connectors from the system,
and the LDL connection af F was made, placing the LDL direetly at the out-
put of the SRA-33. Under these latter conditions, the level of the samé fifth-
order product dropped to approximately -10dB/uV. Accordingly. a length of
RG-214 was substituted for the RG-331. With the LDL at the fur end of the
RE-214. the observed level was =5dB/uV. Thus, the RG-331 cable assembly
was shown to be the principal souree of nonlinear action.

At this point, the measurement receiving system was returned to the
third-order intermodulation product frequency to obfain a stronger working
signal. At this frequency. 348. 7M1z, the Tevel with the LDL at the far end
of the RG-214 cable tpoint £) was 3dB/uV.

423 TESTC -

The conditions of the initial fest were reestablished by connecting the
RG-214 1o the power divider und replacing the LDL at the power divider out-
puit connector (point A). Under these conditions, the power divider produced
a level of 26dB/uY. Thus, the level at 348, 7M1z was reduced 34dB below the
original level {when the RG-331 cable ussembly was used), However, the power
divider was alse shown to be a lesser source of nonlinear action, since its inclu-
sion in the system under test caused a 23dB increasc in third-order product level.
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424 TESTD

Since nothing could be done to modify the intrinsic #fi generation of

the power divider, it was decided to substitute the antennas for the dummy
loads in an attempt to observe topside-generated levels, This was done in

step-wise fashion by first measuring the third=order level (348. 7MH2) with one

antenna and three LDL's, then two antennas and two LDLs, ete., until all
four antennas were connected. With only antenna 4-1A connected, the level
was 52dB/uV: with antennas 4-1 A and 4-1B, the level was bBdB/uV: with
4-1A,4-1B, and 4-1C, it was 64dB/uV: with atl four antennas, the level was
60dB/uV. However, (hese levels were not believed due to topside generation.
Since the antenna cables were also RG-3317s, their conneclions were suspect.
Grasping the four closely spaced cables with the hand and gently pushing
hack and torth produced variation in intermodulation product fevel and
oceasional bursts of brosdband noise. This procedure was followed at several
IM product frequencies: the results are givenin table 4.1,

TABLE 4.1, IM LEVELS PRODUCED WHILE WOBBLING R(.-NI
ANTENNA CABLES,

IM Function (Order) Frequency MH2 IM Level, dB/uv
: Min Mix

2E-F) 387 60 80
21N S) an. 24 40
12F2-10F1(22) RIS : 1 5
25E2-2281(47) 0.0 -3 8

Ar inspection of the instalied connectors and cables indicated the
most probable cause of the interference generation. Two types of connectors
were found to be used on the RG-331 (Pradeling cable. one manufactured by
Phelps-Dodge and the otlier by Prodelin. Several of these connectors' locking
nuts were only lightly tightened, and one connector was free to slip tlong the
outside of the RG-331 outer aluminum conductor. The inspection was ox-
tended to other uhtand vhf installations both in ubf radio compartinent |
and in BLUE RIDGE's other cquipment compartments, Use of this type of
hardwiare is standard throughout the ship in installations operating at these
frequencies. Asa result. the decision was made to terminate uht i festing
and devote the remainder of the at-sea test period 10 other areas of interest
within the scope of the overall task assignment.

43 RG-331 CONNECTOR DESIGN STUDY

Upon departing BLUE RIDGE, a short sample of RG-331 and one of
vach type connector were obtained. These were used., together with manu-
facturers” cross-vection drawings and specifications, to obtain a better under-

standing of exactly how the connectors are designed and how they are supposed
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to he instalied. At the conclusion of this brief study, the following technical
: opinions were formed: '

a. In both types of connector, the electrical connections depend on
moechanical pressure instead of an clectrical bond. Pressure connectiongare
subject to nonfinear contaet resistance buitdup due to vibration andfor
chemical action over o perlod of thne,

b, In both fypes of conncetor, mechanical pressure s applicd through
Famming nuts which appear subject to loosening under vibration,

¢, RG-331 cable has a specificd minimum bend radius of § inches.
Lesser bend radi were formed in some places ia the BLUE RIDGE installntion,
although accurate measurements were not made, Such bad practices should be
avoided,

44  POWER DIVIDER EXAMINATION

One of the PHASOR 90 power divider assemblies was loaned to NELC i
by BLUE RIDGE for study. Upon close examination, it was found that the R ‘
f conncctors on this assembly are madified type UG-30 DfU's, This type of i
connector was determined some time ago 10 be g souree of intermodulation
interfoerence. s a double-female, hermetically seuled device. The hermetic B
seal is oblained by Torming the couxial conter conductor of Kovar, or a similar
altoy, which matehes the thermal coetficient of the glass insulating bead that
supports it, Unfortunately, alloys of this type are ferromagnetic. Therelore,
whon used in high-current-density, multifreguency applications, such as this
vase. IM interference is gonerated.
H should be pointed out that the power divider was designed cven
carlier than the discovery of the noslinear property of the UG-30 D/U. Also,
of this series. only the UG-30/U is tincar: all other versions are nonlinear,
including the lntest modifiention, which is the UG-30 E7U. Attempts to
abtain the UG-307U from Navy supply have not been suceessful: however, it
is availible commercially, - , i

45  DISCUSSION

;o 1t can be expected that the offect of the two types of nonlincaritics

’ found here on the guality of ulif voice communivations will be guoite variable.
Reeeption of messages at some frequencies may be blocked from time to time , .
by very strong low-order intermodulation interferenve. A considerubly larper \i
number of receive frequencies will coincide with high-order IM interference '
having much lower wmpiitude. The ktter will have the effeet of reducing the
range at which effective commupications can be maintained instead of the
blocking efivet of the fower order. The mterference situation will be very
dynamic. Ax the number of chunncls being used for ininsmission increases,
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the chance of 1M interference of order 47 or less will increase at a very high
exponential rate for the remaining channels being used to receive. Another
source of varjability is ship vibration. This will vary the condition of cach
junction-type nonlinearity, causing wide variation of IM product amplitudes
and intermittent broadband noise bursts, which can occur with only one trans-
ntitter operitting.

ina more academic sense, these data are something of a technical mile-
stone: the measurement of the 47th-order intermodulation product is the
highest order identified in a shipboard test to date. An interesting relationship
is that the 47th-order level was of the same order of magnitude as the level of
he 22nd. This may imply that after a certain order number is excecded
sav order 9 choosing a somewhat higher order may not necessarily produce

a signiftcantly lower level when g trudy efficient, matural nonlinearity is operating.

4.6 CONCLUSIONS AND RECOMMENDATIONS

a. High levels of intermodulition gencration within the bt Irans-
mutting system were Tound to mask topside-generated sevels. Therelore, any
elfort to reduce it at uhf should first be expended on the transmitting systems
rather than on topside arcas.

b, Two types of interference generators were found in the transmit-
ting svstems. The most important type is nonlinear junctions formed in
attaching coaxial connectors to RG-331 cable. This type causes (1) very high
levels of low-order intermodulation products: (2) surprisingly high IM orders of
much lower. but still significant, ampiitude. and (3) intermittent bursts ot
broadbund noise. The second type of generator’is the ferromagnetic center
pins of connectors used in the PHASOR 90 power divider assembly. This
type is less impertant because IM levels are much lower and noise bursts are
not generated by this mechanism, it is recommended that both types of genera-
tors be eliminated from the systems, with first priority being given to the
RG-331 cable connectors, '
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SECTION §

LABORATORY TESTS OF UHF TOPSIDE IM ENTEQFERENCE
FROM BLUE RIDGE CONNECTORS

51  BACKGROUND

Section 4 gave results of uhf measurements aboard BLUE RIDGE
which isolited sources of shf istermodulation interforence in the ship's vt
transmitting systems. The sources were determined 1o be rf connectors on
RG-331 ¢Prodelin coaxiat cably and the obif power divider in PHASOR 90
vemntnivation sistems, In this seetion, tie restilts of faboratory toss made
af NEEC of these two types of interference sottrees ate pven. topether with
recommended methods for correcting the difficultics

82 RG-331 U HESTS

Fwwditlerent type-N male connectors are used to ferminade the
RUG-1317U coaxial cables (Prodefin catalog number 54-500, Spirofoam) in the
BLUE RIDGE installation, Most conneetors are Prodelin catalog number
To- 88064 (8pirolok b, but a few are Phelpse-Dodee catalog number FX12-50
NM CFaperloki, The Bhelps-Duodge connecton were found o be loose ot
finpoer-tipht vither becnuse of incampatibility with the Prodelin version of
RE-313 U cable or incorrect Installation. The first interferenee fests were
mnnde on three short fenpths of Prodelin®s RGA33HU terminated with the
Spirolok connectons al each end. :

One pair of connectars was installed according fo the Prodehn instroe-
tions, The second connector pair was given modified treatment of the voaxial
cable inner conducton so more conductor coukd be inserted in the male pin
sleeve;also. o simple ool was made to remove the pin from the rest of the con-
nector twithout destroying pin stability in the compleied connectory, e
tool wsed and proveduores or s use are deseribed in figure 3 10 Connector-
pant e was then observable during the process of winmg coan cable wd
coniedtor, Hhe tird connector st was freated with the come modification
i e second set, but garefud soft soldermy of Hhe male pinand coss mnet
conduocior emsured @ goud elecirical connection. tARvmpes ab using room
temperature becobond S70 solder were very disappointing)

Fosts of ¢ generation on the first sot confirmed the situation found
in the aht sestem ahoard BLUEF RIDGE, The o signal level dropped drastic-
aily wath the modified treatment of the male pin in the second set. The
Towest mterference ievel of gl thiree tests ciime with the soltseldered male
pinir the thind s26 These measurement resulls are summarized in table 5.1

Both the Prodelin and Phelps-Dadae chiims for simple. fast cornector
intailation without special tools are correct, but they ignore the fact tiat
the price Tor speed and simplicity is the increased probubility these connectors
will cause syvtentgencrated i from intermodulation sousces built into the
connectors. Comparison of the male pin sleeves in the two types of conneclors
show that Prodelin’s design is superior to Phelp+Dodee, The lattor is vulnerable
to splaving of the sleeve by the coux conductor during installation. resulting
o @ very poor pito-cous-inner-conductor contact. '
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NOTE: ALL DIMENS!ONS‘lN INCHES INOT TO SCALE)

1. Prepare RG-331 cable as shown in A, (Center conducton is 1/8in, longer than Prodelin
specifiention, j

=)

. Plice Prodelin connector catalog number 76-58(84) an flat surface with male center pin
pointing up.

2, Slip driver tool B, over center pin, Tap with hamner, deiving out center pin,
4. Place connectat backnut and goppmg skeeve aver outer caible eonductor,

S. Firmly botiom socket in biick of connectar center pin on cble center condu, o
< Softsolder m plice.

! CAUTION:  Use mumnwum heat and aunnnum solder for good jpoint.

6. Stip outer connector shell over cable end, obsetving proper center pin fit. Tighten assemble:. .
LISE WRENCHES. i

NOTE: Other cable and connectur sizes are expecied to reguire different
dimensions.  Adjust to sult,

Figure 5.0 Tooland procedures for modification of Prodelin connecton mstallatior,

TABLE S, SUMMARY OF LABORATORY TESTS OF RG-331/U
CONNECTORS AND PHASOR 90 POWER DIVIDER
) AS SOURCES OF SYSTEM-GENERATED REFL

VR power somees THRD 3and 43 URT ansentiegs
Albduman Joads e closeddoop setup are Tinear dong lengths ol RG-SSAT  oavy

Both Lansmtters and teveners iltered . 0= 203N E 2 SSoMily

IM test Begquency . 2E2-HT 0 2oMlLL i
lest IM Level, dBm
Fest setupresudual IM fevel 120
Check out with single 1HG-30D/U =6
Standined Prodelin contiectnns -50
Madilied cotnecton, o salde 10D
Maulilied connectors. sullered -120
Unmadified PHASOR 90 power divider -0
Connecios wepliced with UG-30/10 -47
UG-30/LF s with steed lockwashens removed -i07
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5.3  POWER DIVIDER TESTS

The other source of ubf=system ofi reporied was the PHASOR 90 four-
way powur divider. 1 was adso investigated under the same controlled test
conditions applied to the RG-331/U councetors. As pointed out in section 4,
this power divider is constructed with five slightly modified UG-30D/U, double
female, type-N panel connectors. This type of hermetically sealed connector,
along with other hermuotic connectors for other coax cable sizes, has s fong
history of heing a consistent source of systemsgenerated ermodulation
inferference dut fo the nonlinearity of the ferromagnetic pin which runs
through tse ghiss seal. The Nuvy supply system could not provide UG-30/U
contectors (pote the absence of any kiter following the number 30} which
are known {o be Hnear hecause they are not hermetivally scaled, Fortunately,
they were available from a local commercial distributor. The original, modi-
fied UG-30D/s were replaced carefully with similarly modificd UG-30/U°.

RET tests before and after replacenient proved that intermaodulation
stgnal power with the new ennnectors dropped to 207 of the origimal Jevel,
Howeser, the miterterence was st mnceeptably high. Only when the fne
steel Jockwashers were removed front the new connectors did the ofi drop to
near the test setup residual level; these washers were the same ones used with
) the origing! DG-30D7 connectors, Therefore, although the BG-30D/ was
'i h proved onee again Lo be a potent source of system generated rfi, the unexpeeted ‘
3 “tuckwasher offect™ is an oxcelfent example of an obscore ofi souree. The
approximate interference power level relationship of the two sonrees is that the
UG-30D/U's contribution is four times greater thun that from the lockwashers, : ]

Botls Jevels are very signiticant, Agsin, measared levels are summarized in
- , fable 5.1,

Plans were made (o solve the PHASOR 90 power divider problem
without modification by permanently magnetizing the ferromagnetic pinin
each of the five UG-30DJU connectors, This approach is hased on previots
experiments where application of @ strong magnetic field 1o the pin completely
removed the nonlinear chamcleridiv and thus the source of intermodulation.
Tl strong magnetic bias made the ferromagnetic comductor fiear as long as
the licld was present. Continued applications of the fiekd built up a cumula-
five ci'l'cs:i wlgcre the residual magnetsan retained in the pin lowered appreciably
the fevel of IM signal generated with the magnetic field removed. 1t w\» haped ' L |
that the pl;ts could be magnetized enough to remove the nonlinearity, wm;d-
pently. The technigue is feasible, but it was impossible within the inlu able
time frame 1o devise 2 souree of strong magnetism {failored to the needs of

1 the UG-3007H connectons. Obviously, the ferromagnetic pin must be parulle]
fo the magnutic lines of Torce: the distance between pole fuces of a magnetron
f , magnet was (oo narrow to accommodate the fength of the vonnector. However,

such a simple §.¥it‘§§f solution o the power divider problem justifies sdditionad
consideration of the permanent magnetic pin concept.
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54 SUMMARY AND RECOMMENDATIONS

In summary, it was found that interference generated in the Prodelin
connectors and the power dividers could he very substuntially reduced. ‘The
following recommendations result:

& Do not use Phelps-Dodge catalog number 1°X12-50 NM (Taperlok)
connectors with RG-331 couxial cable (Prodelin catalog number 54-500,
Spirofoam).

b Install Prodelin catalog number 76-580(4) conneetors on R(-331
cable in accordance with the modified procedures given in figare 5.1,

€. Remove UG-30D/U connectors and internal steel lockwishers
from PHASOR 90 power dividers. Substitute UG-30/U connectors; do nol

use UG-30 series models A thiough b GG-307U's are not avilahle from Navy
stock, but can he purchased commercially,

s LTS L e e




SECTION 6
IWO JIMA TOPSIDE IM INTERFERENCE SURVEY

6.1 BACKGROUND AND OBIECTIVES o

Studies of topskde infermodulation interference aboard USS IWO JIMA
have been previonsly performed by NELC.4 "Phis experience showed clearly
that u severe topside IM interference problem cxisted aboard the ship, Conse-
aquently, the formal tusk assipnment ander which the work reported here was
performed called Tor loeating the princips! sources of interforence and provid-
ing design giti{lzs;acz?i't:r their removal, Fhis guidance would be extended to
all ships of the | PH class. More specifically, the project order (1.0, 1-1029)
specified fomr tasks 1o be perfurmed relative to the WO JIMA:

a. Make measurements and determine b vht, and ulit IM levels

b, Determine the contribution ol the b antenna’™s mechanicn
design 1o the miterlerence problen reported by IWO HMA by nuhoang dugnostic
chunges and tests of topside antenns wnd rigging

¢ Determing il the interference prols e i a generat class puﬁ;lua%
i Provide design puittanee o rectify the interierence conditions.

The overall topside IM interference genatation eharacteristic of the IWO JIMA
was ot 1o be measured. Results of such measurements are oselud only o
the extent that riporons documentation ol the severity of topside-generated
inferference i needed. ‘

6.2 APPROACH

Foarrive al the goal of reduving topside inferference, i was necessary
to make infermodulation meastiroments in the Tregiioney hands spoecilied in
the task assignment. Thoese measarenionts were directed ut either sechomadizing
ateas of the ship or evaloating specific potential topside interference contiibu-
tors tprobing). The resulbts Torm die basis For the desgn puidance needed.

Dretermination of whether mterference problems stmibar to those
ahoard WO JIMA conld i expecivd shuard ships of the same class did not
require repetition of the meassrement program ahoard an additionad Jhip.
Sutficient data were obtained aboard USS TRIPOLECLPH 103 helore the
recent modernization o her communication, suit to confirm similarity of
interference conditions,

I addition o the quantitative icstmg,. other broadhand transmitting
antennus shosrd IWO JIMA wore visually inspected. The results of these
imspections are also reported.

ANaval Electronics Fahoratory Conter CONFIDENTIAL Letter Serial 2100021610

COMPHIBPAC, subject: Radio Frequeney buterforence (REL on USS TWO HMA (LPI 2],
3 Septembe: 1970

SNELC CONFIDENTIAL Letter Seral 21004044 to NAVSHHPS and NAVSEC, subject:
Floet Support Tusk, USS TRIPOLEILPH 0] HE Commniegtions, T Aprit 1970




6.3  TEST SITE CONDITIONS

The ambient conditions which had the most effeet on the interference
survey were (a) the ship®s mooring, (h) ambient clectromagnetic noise, and
{¢) the weather,

The ship was moored on the north side of picr 8, U.S. Naval Station,
San Diego, in the berth farthest Trom shore. Across the pier, to starboard, a
destroyer-type vessel was moored, Sinee the distance between the ships was
only about 100 feet, some contamination of overal! received levels due to the
presence of the other ship was probable. On the other band, clearance to port
wits pood, there being more than 100 yards of open water,

Ambient electromagnetic noise generated by industrial activity in the
Naval Station had to be avoided. The intent was to use the weakest signals
possible: high industrial noise woutd degrade reception of weak signals. Past
cxpcriN\cc in making measurements in this locality had shown sharp daily

Creductions inambient poise heginping at about 1600 hours local time and
extending through the weehends, Fopaide tests were, therefore, mide during
these periods of mimmmum mdustial nose,

_ Wt weather his been observed to temporarity 1edace lapside-generated
intermodulation levels on many occasions. Apparently. the residuce of sea
salt being dissolved in the rainwater in many topside junctions serves to effec-
tively reduce nonlinear action. During the first two diys of the IWO JIMA
tests, there was a serles of heavy rain showers which kept the ship wet, Thus,
the interference observed during this period was due to the most casily exeited
nonlinearitics that were also leust atfected by the wet weather, Consequently,
interference seneration by ferromagnetic materials in high current portions
of transmitting systems would tend to become the dominant factor. Later in
the test period, the ship dried out and IM signals became higher in amplitude
and produced the more typical “hashy™ receive atidio output,

6.4  SECTIONALIZING TESTS

0.4.1 MEASUREMENT TECHNIQUY:

The technigue used in the sectionalizing tests aboard IWO JIMA was
derived from a method proposed in reference 1. That paper dealt with
several aspects of high-order intermodulation interference which had been
shown (in reference 4) 1o exist uboard IWO JIMA. The method proposed in
reference | is for determining the most significant topside IM interference
contributors abodrd a ship. 1t is based on the fact that, when the power of
the transmitter fundamental frequencies applied to a nonlinear circuit element
is changed by o given amount, the amplitude of the high-order products is
chunged by a greater amount than the amplitude of the low-order products.
The proposed test method contemplates exciting the topside surfaces of a
ship with two transmissions of just enough power to make a high-order IM
product harcly detectable on the ship’s receiving antennas, With this situation
established. previously developed topside nonlinearity location techniques
would be used to find a source of interference energy topside. Temporarily
interrupting the action of the located nonlinearity. thereby reducing the level
of interference e the receiving antenna to a point below the level of detecta-
bility, would confirm the locited nonlinearity as the “worst™ source.




Successive applications of the technique, using higher and higher transmitter
powers, would establish an ordered list of topside sources. 1t should be noted
that this technique tends to minimize the contamination of results due to the
mooring problems discussed in section 6.3,

6.4.2 INSTRUMENTATION/PROCEDURES AND RESULTS

Practical appheation of the proposed fechnique imposed some modi-
fications. For example, the cholee of transmitting antenna location was of
importance sinee this factor would influence fuadamental frequency current
distribution over the topside surfaces. Therefore, two widely different trans-
milting antenpa combinations were soelected. One combination consisted of
the deck edge whips, anfeonas 39 and 4-2 in figure 6.1, The other combina-
tion consisted of radinting the same two signals from antenna 28 mounted
atop the island superstructure, Antenna 25 bs the one referred todn part b
o the task assignment Gection 6,13, Sinee it was desired that the only change
hetween the two cines would be the change in antenna geometry, the tram-
mitling equipnteats were arranged as shown in figures 6.2 and 6.3, Using
these two trandmitting system arrangements, in turn, intermodulation products
woere reeeived using the ship’s 2-30Mbz recelving antennas and the equipment
shown in figure 5.4, The fransmitting anfenng arruangement which viclded the
highest order of IM product with sufticient amplifude to be detected was con-
sidered to be the most important in the overall interference situation,

This arrangement turned out {o be that of the land atenna, Antenna
2-5 was, therefore, the antenna wsed during the probing tosts of speeific poten-
il topside contributors, Other sectionalizing fests were also conducted to
divide the inferference problem by frequency band and receiving focation,
The sequence of these tests s deseribed next,

TEST A " DECK EDGE TRANSMITTING ANTENNA TESTS. As
indicated in figure 6.2, NELC antenna matching networks were necessiry to
assure that the deck edpe trnsmitting svstom win not radiating intermoduln-
tion frequencies at safficiently high kevels 1o degrade accurate measuremoent
of topside-penerated interference. The NELC networks have no shiding or
rofling conuets, snd are fabricated of nonferromagnetic muterids, Unfor-
tunately. the two SRA-22 units are not so fabricated. This type of standard
Navy whip antenng tuner bas been shown 1o be o strong generator of inter-
ference in closed-system laboratory tests.® On the other hand. the NELC
networks are Hke the SRA-22 in tit neither type supplivs suificient filtering
to assure that interaction between the two transmitters would not ocewr.
This interaction could supply sufficient IM intorference energy to reduce
gecuniey in memsuring fopside levels, Thus, the additional filtering shown in
figure 6.2 was necessary., ‘

BT Research Institute. Contiaet No, NOUI 23-69.C-0584, Stndy of Nonlmear Propertics
of the ANISRA-22 Antenna Coupler, Final Report,
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ANT 42

]
O

ANT 38

NELC ANTENNA
MATCH NETWORK

8RA-22

A

TOTAL DECOUPLING
APPROX 20dB WiTH
CONNECTIONS 8

B
c:_‘

NELC THAF
FILTER 8237kHz

8

2’
A

NELC ANTENNA
SRA-22 MATCH NEYWORK
By A
TOTAL DECOUPLING
_ APPROX 2048 WITH
CONNECTIONS B
NELC TRAP

FILYER 8B06kH2

HELC LOW-PASS
FILTER 8.3MH:

4

URC-3

242

8805kHz

100w
ouTRUT

Figure 6.2. IWO JIMA rfi test transmitters radiating from deck edge whips.

NELC LOW-PASS
FILTER 8.56MHz
100V URC3235
ouTPUT B237kHz ‘ , i

- — S -

47




ANT 2.5
g\
100W OUTPUT
WHT-2 2410 . SHIP'S ANTENNA
6237kH2 MATCHING NETWORK|
.
NELC TRAP SRA4E NELC LOW-PASS
FILTER 8806kH2 MULTICOUPLER FILTER 9.3MHz
100W QUTPUT
URC-32 210
B80B6kHz
NELE THAP
FILTER B237kH2
Figure 6.3. IWO JIMA tfi test transmitters tadlating from Island antenna,
—0
) {
FREQUENCY
ggurh"ren SIGNAL GENERATOR
HICKOCK CLEMENS
1
o O~ —— TpANT12
FIELD INTENSITY ATTENUATOR i 2 sohiﬂ“l RECEIVING C—— TO ANT i-3
- 1
METER < HP-355C0 €00~ MULTICOUPLER o— TOANTI4
NM-25T O] O TOANT1S
L O——— TOANT 1.6
4098
f-F COUPLER
2-30MNz
RE AF
y . /
TRANSMITTER THANSMITTER '
CONTROL-MONITOR CONTROLMONITOR L"\'E‘;_“O%MW
F1 * §237kHz £2 = 880BKMHz
T

!

'DC KEY LINE TO LOP

\’

DC KEY LINE TO LOP

Figure 6.4. IWO JIMA 2-30MHz rfi test receiving equipment,
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dure. and 2 second set of data was recorded,  Sinee these were the only

Advantage was taken of wet weather suppressing topside intermodala-
tion, Measurements made under these conditions are much more indicative
of 1M geacration in transmitting systems. A set of IM nferference date was
ohtained with connections “A" of figure 6.2, Then, the connections “BY
wore made, both SRA-22%s were adjusted in aecordunce with standurd proce-

changes, the differences can be attributed to use of the SRA-22%. The results
are summarized in table 6.1,

TRANSMITHING SYSTEM

Fi = 0liZkizm FOUW aptenng 39
F2 = BROSkHz at 100W antenna 4.2

RECEIVED LEVELS

TABLE 6.1, IWO JIMA RECEIVED HF TOPSIDLE IM LEVELS WHEN RADIATING FROM
DECK EDGE WHIPS (OCTOBER 1971).

faevehs B

TESTB

fevels Ar  NELC antenna maiching networks used fref. fig. 6.2}
SRA-2Y antenna tuners used {ref. Tig. 6.2,
Nate o Levels in parentheses are ambient QRM: IM notdetected.
Note 20 Levels in parentheses are ambient soise: IM not detected.

M fevel
’ M IM Lewd EAvtr:;ge per Antenna). dB/pV {Overall Averuge).
Y iM Frequency. | Ant {22 Ant 1.3 | Ant -4 Ant 15 JAnt -6 BV
Order | Function kHz A Bl A BlA B8 A B IABIAB No
3 2F1F2 669 45 50 R ORI 5 49 45 (40 44 (44 47
5 3F22F 13941 32 B 22 B 16 19 (31035 123
7 4F2-3F1 {6509 {4y 9 {4} & 7 B M 161
g TFL2ES 6049 (<13 -1 =1y 7 {4 1 {-158)(-163] - -8 R
13 7F2oF] 4013 {-10} {8} {1 (-14}] (-15}{-15} -3 2
4 oF28F1 3934 {8} 1

ISLAND TRANSMITTING ANTENNA TESTS. To avoid

e possibility of weather conditions changing and thereby affecting the com-
purison of data taken with the two different trunsmitting antenna arrangemoents,
data were recorded using the isfand antenna as soon as possible after completing
the deck edge tests. However, it was not practical to substitute an antennu
matching network known to be free of nonlineur materials and construction,

as indicated in figure 6.3, Thus, the duta obtained using antenna 2-5. which

are summarized in table 6.2, must be considered to include intermodulation
envrgy contributions by the matching nctwork,
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TABLE 6.2, IWO JIMA RECEIVED HF TOPSIDE IM LEVELS
WHEN RADIATING IFROM ISLAND ANTENNA
(OCTOBER 1971,

TRANSMITTING SYSTEM

F1=6237kHz: F2=8R05kHz: 1LOOW ew each input 1o cable leading 1o antenna 2-5
with Tiltering as in figure 6.3

RECEIVED LEVELS

IM Level
M M {Average per Antenna), dBuV| 1M Level
M function Frequency, | Ant JAnt JAntiAnt TAnU H{Overall Avesage).
Oider [MEFTNE2 ke [P PRI (P N I dB/uvV

) 2211 13044 W w7 {44 37 ] 40 RY)

7 23k 1630 RIS BT IR T Y B =
i O 25141 21645 . 2118 IS 19 25 {6
13 7208 24213 04 -l 0 -2 10 1
17%  8E29F) 14307 TR M7 Ry
VLA FIKT SN (Y Sl 28251 1) -
JoEERiOF .00 317 O B F2{a1 ] 2 7

#Levels are not due solely 1o IM produet. Mintmum of three transmilters involved.
Antenna 14 had TTY somnd, all athers had distorted conmeercial broadeast audio,
*%] evel given ks minhient noise. However, M could be heard using BFQO, afthough
meter reading did not iicrease when transmitters were keyed. _
#kReception al this frequency requited we of NELC 36-76MEz bandpass filter in
fiew of fillering shown in figure 6.4. M rose approximutely 5B above ambient noise
when transmitters were keyed.

Note:  All levels recorded were very steady. Heavy rain showers oceurred during test,
Y 2

TESTSCAND D - VHE TESTS. Two sitnations were used (o produee
measurable intermodulation interterence at vl First, interference was
observed using the receiving system shown in figure 6.5 while transmitting at
Wl from antenna 2-5 as before, The resulting daty are given in table 6.3.
Second. two vhi transmitters were used, as shown in table 6.4 along with the
resulting data.

O ANT 54
RF NELC 30-66MHz | RF O—— ANTSES

URM-47 RECEIVER BANDPASS FILTER O——— ANT 5.6
O—— ANTS5.7
: ANT 58

AF
4
EARPHONES
. SIGNAL
HP-5542L COUNTER GENERATOR
: ) CLEMENS

Figure 6.5. IWO JIMA vhi' rfi test receiving equipment.
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TABLE 6.3, IWO JIMA RECEIVED VHF TOPSIDE IM LEVELS
WHEN RADIATING AT HF FROM ISLAND ANTENNA
(OCTOBER 1971), '
TRANSMITTING SYSTEM

Fi=a237k 1z F2=RROSkHz: TOOW ew sach, rudinted Ton antenna 2-§ with filtoring
ax fn flgure 6.3,

RECEIVED LEVELS

M Lewel :
IR} M {Aversge per Antenng), dR/pY M lewl
M Frietion Frequency, © Aut JAn [Ant JAnt FAnt (Overall Average ),
Order | MFLRE? ki, 5418886 |57] 58 dB/uv

s 11 3 B 4025 M3 321 W i3

1 kIR ) 431230 i BN LS B B 17

YRR D G R T $6237 Wl 2 23} 27 22

7] WSR2 3155} 3t 3o 3w 24 25 0

& | BFI0F2 49896 151 181 301 151 14 1R

i OF 142 47328 711 1 711 i

HRIE I B8 O B S Sgugy g 10l 14 3] 4 7

15 LI B B 48429 6 sl 1H] 1) & g

IR | 14FL4P2 LRI 51 7¢ loi 4] 0

TABLE 6.4, IWO JIMA RECEIVED VI TOPSIDE IM LEVELS
WHEN TRANSMITTING AT VHF (OQUCTOBER 1971,

TRANSMITTING 5YSTEM

TRANSMITTER 55 ,
£3: 30.75MH;z -
: > T ANT 55 [AT-912/UAC)
Po: 10W APPROX ;
TRANSMITTER 63 ‘
F4: 37.76MHz > TO ANT 5.3 (AT-912/URC)
0 10W APPROX ,
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TABLE 6.4 (Continued)

RECEIVED LEVELS

‘ IM Level
M M (Average per Antenna), dB/uV IM Level
IM | Function | Frequency, Ant | Aot [ Ant T Ant (Overall Average),
Order | MFI4NE4 Mil. . 54 156 |57 )58 dB/uv

3 | F3F4 2975+ 41 {40 | 201 12 28*

3 | -F3+2F4 4178 M (4422238 3

S | 3F1F4 2575 90 12725 i4

5 | -2F3+3F4 45,75 5124 11920 17

7 | -3F3+4F4 4973 Ij14] 30 7
39 | 21F3IBK4 20,28 W L B L

*When receiving ai this frequency, keying transmiitter -3 only caused clear reception of
Mock™ musie atan average fevel of TodRfuV. Keymy transnutier §-5 only cansed clear
receplion of a soap commercial at an average level of 10dB/uV, Keying hoth logether
gave average ew levels indicated, except on antenna 5-8, where o garbled mixture of the
iwo sounds could be heard. Audio level was much weaker with hoth trangmitters keyed
while receiving on antenna 5-8: not audible vn other antennas.

**IM was detectuble in earphones, but too weak to measure with meter.

NOTE: Receiving system as in figure 6.5,

TESTS E AND F — UHF TESTS. Two situations were used to measure
intermodulation interference at uhi also, First, two ubf transmitters and a sen-

sitive receiving system were multicoupled to the same load(s). as shown in figure 6.6.

The measurement restfts are given in table 6.5. The second situation combined
one uhf transmitter with an hi transmitter. The uhd transmitter was at 256MHz
(o). 85 watts. ‘The hf trunsmitter was at 880SkHz (IF2), 400 watts cw radiating
from untenna 2-5.and connected as shown in figure 6.3, The receiver was the
same as shown in figure 6.0, These IM interference measurement results are
given in table 6.6,

TABLE 6.5. WO JIMA TOPSIDE IM LEVELS WHEN TRANS-
MITTING AND RECEIVING AT UHF ON THE
SAME ANTIENNA (OCTOBER 1971),

IM M IM Level
M Function | Frequency. | (Average). dB/uV | Dummy
Order | ME5+NF6 ML Ant 6-1 JAnt 6-6
3 | F6.FS 209 71 - 30
S | 3F6-2F5S 282 45 -
7 | 4F6-3FS 295 42
9 | 5F0-4FS 308 kK
Il HFG6-SF5 321 21
13 7F6-6F5 34 20 43*

*Reading tuken as sample comparison. Lack of time did not permit further measurements.

NOTE: Eguipment connected as in figure 0.6,
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TABLE 6.6, IWO JIMA RECEIVED UHF TOPSIDE IM LEVELS
WHEN TRANSMITTING AT HF AND UHF
(OCTOBER 1971),

TRANSMITTING SYSTEM :
F2: 8805k, 400W cw, with filtering us in figure 6.3, fadinted from antenna 25,

Fo:  256MH2, 85W cw, radlated from anienng
RECEIVED LEVELS |

-1 as in figure 6.6,

M M

IM Function | Frequency, | IM Lewel*
Order | MEXsNFa Mtz 4V

1 ot 2761y n**

o IENTe R RY ) S

R e 22 AR IR X

2| Pl ME R 2

N Fod2 247 pas Mi

thgher ordess
nol detectuhie

HIM produts received on antenn
**Average level, initial condition
HEALler shakmg ant 25, thiy averape fevel

ubluined

a -1 with recoiving equlpment as in flgure 6.6,

ANTENNA

o o
AS-380

LINEAR
4501 RG-223

DUMMY LOAD

SRC-20 624 ANTENNA
F5:243047 :
20w
e
o e it et
SRCI0 814
F5:255MH2 A
SEW - SR§§33
Lo e
1M FREQUENCY
>{ AYYENUATOR PREAMPLIFIER 2y AMPLIFIER
MICROLAB AT60 SMYTH TRANSLAR
SPECTRUM
ANALYZER ——re)
TEKTRONIX M1t '
COUNTER
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6.4.3  DISCUSSION

TEST A TRANSMITTING WITH DECK EDGE ANTENNAS. As
shown in table 6.1, the highest order intermodulation product detectable when
using the NELC matching networks feonneetions “A™) was order 5. When the
SRA-22 was used. the highest detectable order was 9. “Thus, the order v
amplitudes of the several orders were boti increased. Cleasly, the SRA-22
deleteriousty affeeted the overnll IM interference fevels. “Fhe shipboard cheek
of the SRA-22 was prompled by elosed-system tests of this type whip antenns
coupler in the luboratory. Spot cheeks of the TN-342 and URA- K cquipments
indicitte that these other types would vield roughly simitar effeets when tested
aboard ship in i like manner, Thus, climingtion of IM interlere see generation
in shipboard whip antenna tuners is not Hkely to he s simple matter of substi-
futing one coupler type for another.

VESTB  FRANSMELLING ¥TTHISLAND ANTEANA. Comparmg
the resulis of table 6.2 with those of table 6.1, ii is seen that, when the same
intermodulation products were measured, even higher levels were obtained
than when the SRA-22 was used with the deck edge anfennas. Also. the island
antenna vickled detectahle levels at the $9th order as opposed to a masimum
of ninth order for the deck edpe antennas with the SRA-22. “Therefore, the
island antenna (2-5) is the most important in the overafl topside-interference
situation abouard (WO JIMA.

However, there is more information in the data than just the foregoing
conclusion. Consider the Jevels obtained when the 17th order was measured.
They are higher than the levels at both order 13 and order 19, Also, since both
transmitters were ow. an intermodubation prodact of the two transmitted funda-
mentats shoubd act very muceh like a cw signal in the testreeciver. A distinet
single tone should appear and disappaar as tie receiver BEO is switched on and
ol However, other sounds were heard whether or not the BEO was used. Fhe
anexpectedly high measured leveband the unespected audio associated with
the IM product serve 1o show ihat tie observed signad is not due to mtermadu-
ihon between the twa tesh emissions alone. This viotates the basic premise of
the experiment . and, theretfore, these T7th-arder data may not be treated ina
nanner like the other data. Addition ol the third Gt feasty transmitier signal
in the intermadalation situation creates a high risk that some low-order 1M
product between the three emissions cin lie within the measurement recciver
bandwidth. This could explain both the audic and the high measured level at
this irequency. On the other hand, the extrancous transmission was undoubtedly
being radiated from a point some distance from the ship. Hencee. the Tield
strength at the ship would be guite small as compared (o the own-ship test
transmitier emissions. Low ficld strength implies that the nonlinear elements
topside responsible Tor the received IM level were closely associated widhan
efficient antenna. Candidates would be transmitting antenna 2-5 und the
receving antennas.




TEST C - RECEIVING VHF IM WITH HF TRANSMISSIONS. Ata
first glance at tible 6.3, it would appear that only the 18th order was detected
rather than the 19th order (table 6.2) when receiving at hi. However, the vhl'
antennas used (o receive the inferference are very closely spaced sround the
transmitting antenna (2-8) at he 07 level an the island, while the hi receiving
antennas are mounted around the edge of the flight deck. forward. Therefore,
the vhi antesngs are iy much stronger transmitier fundamental frequency fields,
which would tend to indicate that vven higher orders than the T9ih should be
detectable, Also. there are some pecullarities in toe measured tmplitudes.
Consider the amplitudes obtained when measuring progressively higher inter-
modulation orders. Levels frome the 10t through the 1R85 are essentinlly con-
stant: this should pot he so. Levels should decrense us the order Increases.

The Toregoing anomadies can be explalned by carefuly considering the
frequency characteristics of the intermodulation spectrum generated hetween
e two parbicular transiiftor Fundamental frequencies in use doring these fests
and the swlectivity of the URM-47 field micnsity moeter which was used 1o
receive components of Uil speetrum, Mathematical analysis shows that ol te
M product Trequencies wlich ct he obtamed between the bwo fransnitter
fundumentaly 6237k1z and 8R0Sk occur af 3 kHz inforvals acrosy the clectro-
magnebie spectrig. (Bince this document is concerned with 3 spocific application,
only the results of the analysis will be given; proof of the analytic method will
be deferred to u later report.) Fortunately, the k2 spacing does not mean that
every such freauency wiil be of sufficient amplitude to he detected. # does
mean, however, that, when steasucing levels of higher order 1M products using
the URM-47, great care must be used.

it must be assured that the onder of the intermodulation product fre-
quency the URM-47 is intended to mueasure is in fact the lowest order IM preduct
having its trequency withm the recciver bundwidth, Since the URM-47 has a
130k bandwidth. it can theorctically uecept 43 1M rroduet Trequenicies fin
this case) at a time  This mueans these must be an upper fimit of [M order which
can sceurately be measured with this receiver Forther anadysis shows that this
Bl is ot order Y5, Tor these particalar transmitier fundamentads and Yo, the
receiving bund 30-7aMIb2, B For this reason that the duta ot tible 6,3 are
sruncefed At order 18, Note that this does not necessarily mesn that ol ordens
higher than 18 are undeleclable. ,

*Indeed. it can be reasonably hypothesized, on the basis of the measured
data. that orders higher than 1K are detectable. 1, say. 10 of the frequencies
fving in the receiver hundwidth are detectable, the URM-47 will respond to them
all very much as it would 1o white noise, Thut s, the indicated kevel would be
proportional ta the wotal power in gl the 10 infermodulation products, 8o
long as the frequencies of the lower order products are avoided. no single M
frequency will have a large amount of power when compared to the total of
all the power of other IM frequencies in the receiver bundwidth. Thus, only
relatively small changes in the indicated fevel would oceur as the center frequencey
of the receiver was shifted about. .
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TEST D ~ RECEIVING VHF IM WITH VHF TRANSMISSIONS. On
comparing the measurements and equipment status of this test with those of
test C, it is seen that there vre significant differences, Transmitters were at
much higher frequencics and much lower power, and their signals were radiated
from scparate antennas. Also, no special measures were taken to prevent the
fundamental signal of one transmitter from reaching the fina) amplifier of the
ofher transmitter. The Filters required were not avallable at NELC at the time
of the tests. Thus, it is possible that some of the obseeved IM interference was
gencrated in the transmitters themselves,

© Because ol the change in transmitter frequencics, the URM-47 had suf-
ficient selectivity to resolve the components of the intermodulation spectrum

in this test. When these two vhi transmitier fundamental frequencies (33.75MHz

and 37.75MHz) are analyzed in like manner as the hf fundamentals, it is found
that the minimum theoretical IM product Trequency separation is (0.25MHz.
Ihis is almost twice the URM-47 bandwidth (0.13MH2).

The results of this test are Fairly straightforward shipboard intermodula-
tion interference data. The audio effects observed when receiving at 29.75MHz
are simitar 1o audio effects observed in test B, That is. signals from offship
transmitters were mixing with own-ship transmission:, causing significant IM
interference levels, However, the remots transmitter frequencies, the orders of
the IM products, and the location of the interferencegenerating nonlineuritics
are all unknown. All that is really known is that there is o serious souce of
interference. Considuring the amplitudes received, almost everything in the
area near the recetving antennas (including these siime antennas) is suspect. -

TEST ¥ — RECEIVING UHF IN WITH UHIF TRANSMISSIONS. The
equupment arrangement used in this test is given in figure 6.6, as mentioned

_above. Since the minimum theoretical intermodulation freqtiency spacing

between IM products of the two transmitter fundamentals (243M1Hz and
256MH7) is IMHz, the receiving equipment can easily resolve the higher order
products. This is because the spectrum .nmly/cr can be operated with frequency
resolution as fine as TkHz.

As shown in table 6.5, when measuring the' third-order intermodulation
product with the SRA-33 terminated in the lincar dummy foad, .1 level of
30dB/uV was oblained. This was disappointingly high compared to results ol
similar measurements made on like design equipments ubourd other ships.
However, when antenna 6-1 was used, the level rose to 71dB/uV. Therefore,
the major portion of the interference could be aseribed to sources outside the
transmitting equipments. Measurements were continued at successively higher
IM products using arztenna 6-1 as the transmitier load until order 13 was
reached, yielding 20dB/uV. At this frequency. antenna 6-0 was used for com-
parison, yielding the much higher level of 43dB/uV. At this point, the test
using only uht transmitters was terminated. The ship avalability period was
drawing 1o an end, and it was felt the remaining time couid be used to better
advantage than determining the highest order product between the uhf
transmitlers.
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TESTF - RECEIVING UHF IM WITH ONE UHF AND ONE HF
TRANSMISSION. The goal of this test was simply to determine whether
intermodulation products gencrated by such an arrangement could be detected.
I so. steps could be taken to show whether the hf antenna itsell was involved
in the gencration of the detected IM. Accordingly, a length of dry nylon line
was attached to the b transmitting antenna (2-5) at the 07 fevel so that it
could be safely swung with high rf power applicd. Otherwise, the method of
operating the equipments and the measured results are those summarized in
fable 6.6, Note that the power of the bl transmitter was increased to 400 watts
for this fest,

The tevels received at the third-order produet. 273.610MHz, are very
interesting and significant. “The initial “as found™ level was 6dB/uV, average.
After the antenm was swung, the average fevel increased to 26dB/uV. There-
fore, some junction-type of nonlinearity within antenna 2-5 contributed ina
major way o the interference Jovel received onantenna 6-1, This weans that,
al the ubt transmitter fundamental frequency. sufTicient energy was present in
the junction to cause the inferference. Decoupling between the two anfennas
can sately be estimaied as 30dB. Therefore, the vt power in antenna 2-5 can
be estimated as o fow milliwatts. OF course, the generated uhi’ IM product had

o be fadiated back to antenna 6-1 in order that the test receiver could deteet

it. so the tofal of antenng and decoupling losses hiud to be overcome. Thus,
thedevel in antenna 2-5 was much higher than that received. What is probably
store significant, however, is the apparently widehand operation of the inler
ference souree, Who can say just what frequency this action stops? Fon
example, antenna 2-5 is iHuminated by the SPS-40 radar, which operates at
frequencies somewhat above 400MHz. It is entirely reasonable to assume that

- significant interference is caused by intermodulation between the powerful

transmitted radur puise currents and hi' transmitter fundamental currents flow-
ing in anfenna 2-5, Such IM inferference would be in addition to the radar
speefrum Cskirt” interforence, making an already bad situation much wornse.
Returning fo table 6.6, it is surprising that orders higher than 3 were
not detected, The nowse fevel of the receiving system is eqtiivalent fo loss than
~23dB/eY when measured a1 point A in figure 6.6 and when Tz bandwidth

ioused. This s approaimately 50dB below e moasured level of the thind-
order products, Theretore, good measurements through at least the seventh
order should have heen possible. Prohably, the junction source of inter,erenee
i the antenna was disturbed by some small mechanival foree such as the
breeze. This could have caused 1 1o couse aeting, just as shaking causd i

to sfurt. :

6.5-  PROBING TESTS

The probing tests were designed to give more detailed information
about sources of topstde-generated intermodulation interierence than the
previously described sectionalizing tests. Since the technical goals were dif-
ferent, considerably different procedures were used and different data resudted.

Y




6.5.1 INSTRUMENTATION/PROCEDURES

The transmitting system used in these tests is given in figure 6.3, It
was operated in locked-key mode, which was not true in the sectionalizing
lests, On the other hand, two receiver systems were used, One receiver, here-
after called the reference receiver, was the equipiient connected as in figure 6,
except that only a single vhi antenna was used. The reference receiver was
tuned to §2 098kHz, which is the frequency 14114152, The second receiver
system is called the probing system. and is described in figure 6.7, This system
was (uned to 28 251 kHz (131°1-61°2), Battery operation of the probing
receiver s essential since it must be carricd about topside. The loop antenna
is used to probe specilic, suspected intermadulation generators at the tuned
{requency. Having found some physical feature of the ship which is carrying
the IM current, itis necessary to prove that the sipnal from that souree s in
fuct detectahle by the ship's recvivers. That is the funetion of the reference
receiver. The detected average level using this reference is observed while the
sispeeted inderference souree is mechanically manipuliated. il o mnction  p
olfender is stispected. 1l changes the propertics of the junction and, thus,
the IM level generated therein, I the average levelat the reference receiver
changes i synchronism,  signiticant souree has been located. Naturally, due : _ ‘

i

regard must be given to pérsonned safely. as wis done during the probing test
of antenna 2-5, with power applied. In that case, junctions were disturbed with
4 long diclectrie rod,

When probing al the Right deck level, the above procedure was varied
somewhat as o matter of convenience. A suspected signiticant source was 1
found with the probe, as betore. Next, the probe antenna was used Lo sense
the intermodulation current Nowing in a neirby receiving antenna, such as 1
antenna 1-4. Then, the suspect junction was disturbed, and the same decision
rute applied.

\
NELC 10-30MH; 201 RG-223 TUNED
BANDPASS e e L SHIELDED
FILTER LOOP ANTENNA
: S MOUNTED
THESE UNITS LASHED ON POLE
/ TOGETHER FOR CONVENIENCE
RECEIVER Y ‘ be AEMOTE
e NM-25T e < METER
' AF OPERATOR'S .
-1 — ~>] . EARPHONES i

Figure 6.7. WO JIMA Wi topside IM source locating equipment,
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6.5.2 RESULTS

On the basis of the sectionalizing test results, the probing tests were
begun with an investigation of antenna 2-5 al the 07 level of the island super-
structure. 1t was quickly found that no single junction within the antenma
assembly could be called “the” source of interference. The reason for this is

sasily seen in figure 6.8, The upper photograph (A) shows a gencral view of
the antenna looking forward toward the antenna feedpoint, which is shown in
the lower center. Faergy flows from this point to nine phosphor bronze wires
which spread oul to the lyrge spreader bar that traverses the center foreground.

VHF
8. COMMUNICATIONS
. ANTENNAS

Figure 6.8. IW0 JIMA antcuna 2.5 showing multiplicity of springs, shackles, tﬁrabuckh.s et {A),
and ather cluscly located antennus (B).
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Notice the multiplicity of springs, shackles, turnbuckles, ete., used to hold the
. assembly together. Almost every joint in the assembly yielded some sort of
interference effect. Some yielded only bursts of broadband noise, while
othets also caused measurable changes in the average level of the intermodula-
tion product at the reference reeciver. The lower photograph (B) shows
another view taken looking aft from a point just to starbourd of the antenna
feedpcint. The structure in the background supports several vhif communici-
tions antennas, which can be seen mounted around its upper edge. Some of
these antennas are almost within arms' reach of antenny 2-5.

A,

COPPER
; STRAPS

[R5y

Figure 69. Feedpoint and matching network of IWO JIMA antenna 2-5 showing ferromagnetic
steel feed block (A) and copper straps “grounding™ steel case to steel support bracket (B).




Figure 6.9 shows two close-up views of the antennu imipedance match-
ing network, In the upper photograph (6.9A), the antenna feedpoint and ity
supporting strain insulator can be seen, Figure 6.10 shaws two close-up views
of the feedpoint hardware, Atmost all the equipment in these four photo-
graphs is made of ferromagnetic steel. Excoptions are tiie antenna wires
themselves, the feedwire, the insulators, and the copper serape {fig. 6.98) which
are used to “ground™ the steel case of the matching network to its steel support
bracket, It Is believed the use of the ferromagnetic parts in the high current
paths of the antenna yielded the very steady levels of intermodutation products
observed in sectionatizing test B (table 6.2).

Figurc 6.10, 1WO JIMA untenna 2.5, feedpoint details,
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Probing wis extended to other items on the island. Two sources outside
antenna 2-5 were found. One of these is shown in figure 6,11, In figure 6.11A,
a profective wiveguide cover touches the sharp edge of the waveguide. In
figure 6.1 1B. the same aluminum cover is holted to a steel support bracket.

COVER TOUCHING
A, SHARP EDGE
, OF WAVEGUIDE

s

COVER BOLTED
6. TO STEEL SUPPORT
BRACKET

Figure 6.11. IWO JIMA topside IM source: protective aluminum waveguide cover,
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A general view of this assembly is shown in figure 6.8A, just to the right of

the antenna 2-5 matching network. The other source is really not a single

thing. but 4 cluss of items, These are the vhi antennas, of which some sumples
are shown in figure 6.12. In 6.12A, the probe antenna senses the interference
generated in the cable leading to an AS-1729. In 6.12B, a different type
antenna is shown. The jointed counterpoise rods in this antenna are the sotirees,
Note that the outbourd counterpoise rod has fost its outer end.

A, CABLE LEADING TO AS-1729

JOINTED
COUNTERPOISE
RODS

Figure 6.12. IWO JIMA topside IM sou:ces: vhf antennas.
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After probing of the island was complete, the flight deck arcas were
investigated, Surprisingly, of all the many possibilitics, only the two lifeline
assemblies at the extreme fore and aft ends of the flight deck were found to
be generators ot high-order intermuodulation. Figure 6.13A shows how the
IM signal was sensed at the ship’s receiving antennu, while figure 6.13B shows
one set of lifeline junctions. There were several items which generated only
bursts of aoise detectable at the ship’s receiving antennas when the items were
shaken, These were the jackstaff und the flagstaff and several short, metallic
tudders leading down from the flight deek to the peripheral gallery,

» SENSING

| AT SHIP'S
' RECEIVING
ANTENNA

Figure 6.13. Evaluating IWO JIMA topside IM sources: lifeline assemblics on flight deck.
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6.6  TOPSIDE INSPECTION

The probing tests concluded actual quantitative testing abourd IWO
HMA. However, the investigators were concerned that other broadband trans-
mitting antennas aboard the ship would exhibit nonlinear properties similar to
antenna -8, Antenna 3-8 (18-27MHz) was visually inspecied using binoculars.
Hardware similur to that of antenna 2-5 was used, and some parts wore rusty,
indicating use of ferromagnetic materials. Antenna 2-1 {2-6MHz) was given
closer inspection since it was lowered to the {light deck one day for maintenance.
Figure 6.14 shows two views of the ferromagnetic blocks used as the Teedpoints
of this antenng,

A,

Figure 6.14. IWO JIMA antenna 2-1, feedpoint details,
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6.7  GUIDANCE

The communications suit aboard IWO JIMA is to be modernized. It
is belicved the result will be a suit very much lik: that of her sister ship USS
TRIPOLL. TRIPOLI has three broadband hi' receiving antennas cach feeding
the approprinte SRA-38, -39, -40 series receiving multicoupler, Broadband
island transmitting antennas are fed by SRA-56, -57, -58 multicouplers,
Shaped feed antennas (as opposed to the old-sty'e folded fan) are used in the
0-30MN2 runge. while the twin-lan type is retaived in the 2-6MHz band, At
vhf, transceivers are protected from interacting v-ith cach other by use of
SRA-60 multicouplers with brondband AS-2231 wtennas. These design
civanges are based on sound engineering approacies (o compatible nperation
ol communicutions equipntents aboard warships, They are essential.
Unfortunately, they are not sufficient.

Sufticiency requires that generution of intermodulation interference
in. say, the broadband circuitry of a transmitting system be suppressed. Linear
operition of the signal combiner in the transmitting multicoupler, the coaxin

Cwables the antenna matehing network, and the antenna itsell s ocessany .

Powerful transmitter fundamentil currents dlow in these cquipments, e
lincaritics are present, high-level 1M intorference will be generated. Then, the
carefully designed, highy efficient antenna wisl radiate the interference for
detection by ownsship receivers. As the data of this docunient show, Tailure to
achicve linear operaiion of a broadband transmitting antenna can produce sig-
nificant interference levels over a band of frequencies much greater than the
design bundwidth of the antenna. "To avoid similar clfeets in the modernized
transmitter system, the new antenna matching networks and the new autennas
must not include the tollowing: (a) loose joints or joints that can become loose
after subjection to shock, vibravon, and corrosive atmospheres; (b) fetromug-
netic inaterinls. Further, restriction of this guidance 1o just the i transmitting
systems would be erroncous. 1t should be applicd 1o othier bands, whether
receiving or transmitting,

An example of this tine of thinking is the AS-2331 vhl dipole. An
antenna of this type is presently undergoing shock and vibration testing ot
NELC. Tt was visually inspected for possible nonlinear clements before those
tests were begun. In the weatherproof box wlierein the coaxial cable is von-
nected to the antenma assembly. two hermetically sealed coaxial connectors
were found: one was o UG-30E/U double female: the other was'a UG-680/U
pancl connector. Since the box is only weathrproaf, hermetically sealed
connectors which have ferromagnetic conter ¢onductors are not required.
They should be replaced with UG-30/U (note (he absence of the letter suffix!)
and UG-S8AJU types. Unfortunately. the UG-33/U is not aviilable from
Navy supplics: it must be obtained from comnu reial sources.

It is believed that guidance given by NELC directed toward reduction
of intermodulation interference abourd LPH-class ships should. at this time.
be dimited in scope. Tests were nat carried out with the higher transmider
pawers as described in section 6.4, The primary veason for this was that the
“worst” source of interference (lransmitting anteani 2-5) could not be tem-
porarily ¢fiminited so that many less imporiint sourees could be found. Thus,
aminimum plan has been prepared which would el minate the most important
saurces. It is believed thin plan will achieve sign.dicant reduction of topside
IM interterence at reasonable cost. Figure 60,45 summarizes the essential
eattires of this plan. ‘
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(5) TOBE INSTALLED IN

MODERNIZATION

Froue 6,15, Mummm effective ttowducton plan for amphilbtons assandt ships

Tuaned 111 tests shoasd IWO JIMA.

*CATENOTIES

ITEM CATEGORY® - PESCRIPTION ACTION REQUIRED
1 A TRANSMIT ANTENNA REPLACE WITH HEW DESIGN; NEW ANTENNA MUST NOT
INCLUDE FERROMAGNETIC MATERIALS OR UNBONDLD
, CONNECTIONS.
2 A TRANSMIT ANTENNA SEEITEM 1
3 A TRANSMIT ANTENNA SEE {TEM 1
4 A TRANSMIT ANTENNA SEEITEM 1
5 A A5-2231 REPLACE UG-30E AND UG-880 WiTH UG-30 AND UG-584.
G 8 WAVEGUIDE COVER MAKE MEW OF 1/18in STEEL, WELDED ASSEMBLY,
TACK WELD YO SHiP :
7 B HOW LIFF LINE REPLACE PER NAVSHIPS DWG 6004413577 AND
NAVSCC DWG 8054545251
8 B AF T LIFE LINE SEE ITEM 7.
5 ol TYPICAL THANSMIT COMPLETE, BASIC REDESIGN OF HE TR JSMISSION
WHIP SYSTEM LINE COMPONENTS. FILTEH PROCECTINN FOP
TRALSMITTEH BEQUIRED NO IMMEDIATE SOLUTION
1 E n TYPICAL DECK EDGE TACK WELD, WHERE POSSIBLE, TO SHIP
LAGDE: ' ‘
11 o JACKSTAFF REPLACE WITH GLASS REINFORCED PLASTIC DESIGN
17 i o FLAGSTAFF HEPLACE WITH GLASS REINFORCED PLASTIC DESIGN

A - MAJOR SOURCE; GENERATES HIGH-LEVEL, H!{;HQRSER IM AND NOISE URSTS;
o FFECTIVE OVER WIDE FREQUENCY RANGE.

8 PHIMARY SOURCE; SIMILAR TO A, BUT HAS EITHER LOWER LEVELS
OR REDUCED BANDWIG . H.

C - SECONDARY SOURCE; SOURCE OF LOW-ORGER 1M AT LOW TRANSMITTER POWER.

D POTENTIAL SOURCE (NOY A PROVEN SOURCE); AT LOWPOWER, GENERATES

o

DETCCTABLE NOI3E B ASTS LNLY: HIGHER TRANSMITTER POWER MAY CAUSE
DETECTABLE M GENERATIOMN. K :

MOTE  PLAN ASSUMES MODERNIZATION OF SHIPS' COMMUNICATIONS SUIT & ANTENNA ARRANGEMENT
WiLL BE DONE CONCURRENTLY.
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68  CONCLUSIONS AND RECOMMENDATIONS

a. The objectives of the intermodulation interference measuretents
program aboard IWO JIMA have been achieved. Data were obtained which
conclusively show that one broadband hi' transmitting antenna is the most
serious source of IM interference, Since the remaining broadband antennas
were constructed using the same fabrication techniques or materials, guidince
has been given whereby the same undesired performance characteristics <an
be avoided in the new, modernized antennas to be installed. In addition to
the antennas, removal of several other sources of interference having sonie-
what less serjous effects is recommended, ‘

b. Axa result of this program, the technigue of using higher order
intermodulation products to identify the most serjous topside interference
sources has been shown to be elfective. Some improvements are needed,
however, to speed the process so that the work can be done more economi-
cally. More theoreticaily, the method of analvzing IM Trequency spectra has
heen extended so that several heretofore unexphiined phenomena can now
, be predicted. This extended method is described in detail in reference 2.
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The results of measurements of intermodulation (IM) interference taken aboard USS MOUNT
WHITNEY, USS BLUE RIDGE. and USS IWO JIMA are presented. In addition, the results of kaboratory
tests of connectors that were interference sources aboard BLUE RIDGE are reported.

IM interference fevels measured aboard MOUNT WHITNEY were determined 1o be lower than
those aboard USS FOX (DLG 33). which was previously considered to have the lowest topside-gencrated
rfi fevels umong setive Fleet warships.

Interference tevels at bl and vhi on BLUE RIDGE were found to he higher than MOUNT WHITNEY
levels but still ower than those on FOX. ; » ,

UHF IM interference measurements taken aboard BLUE RIDGE indicated serious sources of
interference in PHASOR 90 trunsmitting systems. Substituling connectors s;e‘tyhzwing nonlinear material
for the Prodelin cable connectors and in the PHASOR 90 power divider was proposed as a corrective
measure,

By uppl vmg new measurement iar.hnaques important sources of topside-generated interference were
focated and identificd aboard IWO JIMA. A plan of minimum topside rfi control measures for LPH-cluss

ships was devised which. while not reducing levels to those of FOX, will effect a major improvel nent at
minimum cost.
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